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Studies of the Byron Bog in Southwestern Ontario. XI. Seasonal 
Distribution of Adult Insects in the Chamaedaphnetum calyculatae 
Association’ 


By W. W. Jupp* 


In the description of the Byron Bog (Judd, 1957c) it was pointed out that 
one method of collecting insects in the bog was to make a circular sweep with an 
insect net, held at arm’s length, through the tops of the bushes in the Chamae- 
daphnetum calyculatae association. The net used was one with a rim twelve 
inches in diameter and the radius of the circle over which the sweep was made 
was six feet. A single sweep was made each day from May 15 to November 15 
in 1956 and all the insects collected each day were sorted and counted. The day 
of maximum blooming of Chamaedaphne calyculata was May 21 and the day 
of last blooming was June 1 (Judd, 1958a). Thus there was a period of nineteen 
days, from May 15 to June 1, when the plants were in bloom while the sweeping 
was in progress. 

The insects collected in the sweeping represented several orders and 
families. Reports on flies of the families Simuliidae and Tabanidae collected in 
the sweeping are presented by Judd (1957d, 1958b). Most of the other insects 
were identified by the following taxonomists, who, unless otherwise noted, are 
on the staffs of the Insect Identification and Parasite Introduction Laboratories, 
United States Department of Agriculture (USDA) or of the Entomology 
Research Institute of the Department of Agriculture, Ottawa, Canada 

(DAO) : CP. Alexander, University of Massachusetts (Tipulidae), B. D. Burks, 
USDA (Tenthredinidae, Chalcididae, Eurytomidae, Perilampidae, Pteromalidae), 
E. A. Chapin, USDA (Coccinellidae), R. ‘H. Foote, USDA (Tephritidae, Empi- 
didae, Dolichopodidae, Muscidae, Itonididae), T. N. Freeman, DAO 
(Lycaenidae), H. R. Hollinsworth DAO (Cicadellidae), F. P. Ide, University of 
Toronto (E phemerida), L. A. Kelton, DAO (Heteroptera), J. P. Kramer, USDA 
(Fulgoridae, Derbidae), K. V. Krombein, USDA (Halictidae), C. F. W. Muese- 
beck, USDA (Braconidae, Diapriidae), E. G. Munroe, DAO (Geometridae), W. 
R. Richards, DAO (Cercopidae, Fulgoridae), J. G. Rozen, USDA (Helodidae), 
C. W. Sabrosky, USDA (Chloropidae, Lauxaniidae, Sciomyzidae, Scopeumatidae, 
Calliphoridae, Larvaevoridae, Sarcophagidae), T. J. Spilman, USDA (Cantharidae, 
Lycidae), A. Stone, USDA (Dixidae, Fungivoridae), F. A. Urquhart, Royal 
Ontario Museum, Toronto (Orthoptera), G. B. Vogt, USDA (Chrysomelidae), 
E. M. Walker, Royal Ontario Museum (Odonata), L. M. Walkley, USDA (Ich- 
neumonidae), W. W. Wirth, USDA (Ephydridae, Drosophilidae, Syrphidae, 
Musidoridae, Heleidae, Dorilaidae). The mosquitoes were identified by the 
writer, using keys in Carpenter and LaCasse (1955). 

All specimens are retained in the collection of the Department of Zoology, 
University of Western Ontario, except as noted: Canadian National Collection 
(CNC), United States National Museum (USNM), University of Massachusetts 
(UM). The periods of emergence of sixteen species which occurred in larze 
numbers are shown in Figures | and 2 in order of first appearance of the species. 


1Contribution from the Department of Zoology, University of Western Ontario; a project supported by 
funds from the government of Ontario granted through the Ontario Research Foundation. 

2Associate Professor of Zoology; the collections were made and the data assembled while the writer 
held a Summer Research Associateship of the National Research Council in. 1956. 
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Account of Species Collected 

Altogether, 2,075 insects were collected in the sweeping from May 15 to 
November 15. In order of decreasing abundance the orders of insects repre- 
sented were Homoptera (1,502 insects), Diptera (266), Heteroptera (191), 
Coleoptera (59), Hymenoptera (32), Odonata (14), Orthoptera (7), Lepidoptera 
(3), and Ephemerida (1). Thus, more than half the catch was composed of 
Homoptera, with the frog-hopper, Philaenus leucophthalmus, predominating 
and the other orders being present in much smaller numbers. 


Eph ida 
Baetidae phemeri 


Callibaetis ferrugineus Walsh — 1: Sept. 1. Needham et al. (1935) report 
this species from the northern United States. 


, Od t 
Lestidae —— 


Lestes unguiculatus Hagen — 34 4: July 2, Aug. 2, 16. Walker (1953) 
records this species from several counties in Ontario and gives a flight period in 
Ontario, June 8 to Sept. 9, which includes the dates of its collection in the 
Byron Bog. 

Lestes dryas Kirby — 44 4: June 21, 26, 30, July 1; 22 9: June 20, 30. 
Walker (1953) gives the range of this species as being throughout southern On- 
tario and a flight period, May 30 to Aug. 25, which includes the dates of its 
collection in the Byron Bog. 


Coenagriidae 
Ischnura verticalis Say — 18: Aug. 13; 19: Aug. 12. This species was 
trapped in 1956 from Redmond’s Pond in the Byron Bog by Judd (1958d). 


Libellulidae 

Sympetrum vicinum (Hagen) — 2 é: Aug. 22, Sept. 12; 19: Sept. 14. 
This species was trapped in 1956 from Redmond’s Pond (Judd, 1958d). 

In addition to the dragon-flies and damsel-flies collected by sweeping, a 
few other specimens were captured by netting as they alighted on the leatherleaf, 
as follows: Lestes dryas Kirby — 3 9, June 12; Enallagma boreale (Selys) — 
266, June 11, 12; Nehalennia irene (Hagen) — 12, June 12; Anax junius 
(Drury) — 1, May 23; Leucorrhinia intacta Hagen — 1 9, June 12. 


Tettigoniidae Orthoptera 


Conocephalus brevipennis Scudder — 43 3: Aug. 26, Sept. 11, 13, Oct. 28; 
19: Aug. 16. Urquhart (1941) records that this species is usually confined to 
marsh areas or humid meadows. Cantrall (1943) studied the insects of bogs in 
Michigan which included Chamaedaphne calyculata, Sphagnum sp., Drosera sp., 
Sarracenia purpurea and Andromeda glaucophylla and he recognized two strata 
in this association, an upper “‘eatherleaf stratum” and a lower “sphagnum 
stratum”. He found C. Lrevifennis in the leatherleaf stratum, as it was in the 
Byron Bog. ; 

Scudderia curvicauda DeGeer — 1 8: Sept. 1; 19: Aug. 8. Cantrall (1943) 
found this species in company with C. brevipennis in the leatherleaf stratum, but 
only sporadically. 


Miridae 


, Adelphocoris rapidus (Say) — 1: Aug. 18. Blatchley (1926) records 
this species from foliage, especially in moist localities. 


Heteroptera 





—_ 
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Liocoris lineolaris (Beauv.) — 12: Aug. 15-Nov. 1 (Fig. 2). Kelton (1955) 
collected this species from several trees, plants and shrubs; its presence in the 
Byron Bog late in the fall is in accord with Kelton’s report that the adult over- 
winters. 

Plagiognathus repetitus Knight — 103: July 10-Aug. 18, maximum July 26 

(Fig. 1). Blatchley (1926) reports that this species occurs on conifers. It 
is Sia likely that this insect was on larch or black spruce which are common in 
the bog ( (Judd, 1957c). 

Plagiognathus sp. — 1: July 21. 


Nabidae 

Nabis ferus (L.) — 14: Aug. 9-Nov. 14 (Fig. 2). This species was also 
found on Oct. 6, 1956 in leaves of pitcher-plant in the bog (Judd, 1959). 

Nabis rufusculus Reut. — 10: July 14, Sept. 7, 9, 11 (2), 20, Oct. 10, 12, 21, 
Nov. 4. Blatchley (1926) records this as a species of northern distribution, 
occurring in Ontario, and reports that it is collected from huckleberry bushes 
in bogs. One species of huckleberry, Gaylussacia baccata, is present in the 
Byron Bog (Judd, 1958a). 


Lygaeidae 

Kleidocerys resedae (Panz.) — 20: July 2 7-Oct. 23, maximum Oct. 21 (5) 
(Fig. 2). Daviault (1937) records this species from birch, one species of which, 
White Birch, occurs in the Byron Bog (Judd, 1957c). The abundance of this 
insect late in the season is in accord with Blatchley’s report (1926) that it hiber- 
nates as an adult. 

Ortholomus scolopax Say — 28: Aug. 13-Oct. 13, maximum Sept. 13 (7) (Fig. 
2). Blatchley (1926) reports that this species is taken by sw eeping weeds. 

Nysius sp. — 1: June 23. Blatchley (1926) reports that various species of 
this genus are taken by sweeping weeds. 


Pentatomidae 
Thyanta sp. — 1: Nov. 5. Blatchley (1926) reports that various species of 
this genus are taken by sw eeping and beating shrubbery. 


Homoptera 
Cercopidae 

Philaenus leucophthalmus var. spumarius (Fall.), var. fasciatus (Fall.) and 
var. pallidus (Zett.) — 1,055: July 2-Sept. 15, maximum July 27 (69) (Fig. 1) 
(6 to CNC). This species was also found on July 26, 1956 in leaves of pitcher- 
plant (Judd, 1959). 

Clastoptera saint-cyri saint- ~cyri Provancher — 20: July 21-Sept. 4, maximum 
Aug. 1 (4) (Fig. 2). This species is recorded from Ontario by Ball (1927). C. 
saint-cyri (var.) was found in leaves of pitcher-plant on Aug. 14, 1956 (Judd, 
1959). 

Clastoptera saint-cyri anceps McAtee — 49: July 14-Aug. 28, maximum July 
20 (4) (Fig. 2). This species is recorded from Ontario by Ball (1927). 

Aphrophora saratogensis (Fitch) — 1: Aug. 14. This species is recorded 
from Ontario by Britton (1923). 


Cicadellidae 
Gyponana octolineata (Say) — 9: Aug. 1, 19, 29, 30, Sept. 5 (3), 23, Nov. 
15. This species is recorded from Ontario by Beirne (1956). 
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Fig. 1. Seasonal Distribution of Insects in the Chamaedaphnetum calyculatae Association. 


Typhlocyba sp. — 1: Sept. 11. 

Empoasca fabae group — 1: June 15. 

Scaphytopius sarissus Beir. — 74: July 29-Oct. 18, maximum Aug. 8, 28 (5, 5) 
(Fig. 2). Beirne (1956) records this species as being common in acid bogs in 
southern Ontario. 

Scaphytopius magdalensis (Prov.) — 22: July 28-Sept. 3, maximum Sept. 2 
(2) (Fig. 2). Beirne (1956) records this species from southern Ontario and 
reports that its host plant is blueberry, one species of which, Vaccinium atro- 
coccum, grows in the Byron Bog (Judd, 1958a). 

Macrosteles fascifrons (Stal.) — 6: June 29, July 10 (2), Sept. 2 (2), 12. 
Beirne (1956) records this species from Ontario. 

Scleroracus vaccinii (Van. D.) — 251: July 18-Oct. 2, maximum Aug. 14 (18) 
(Fig. 2). Beirne (1956) records this species from acid bogs in southern Ontario. 

Scleroracus osborni (Ball) — 1: Aug. 8. Beirne (1956) records this species 
from Ontario. 

Endria inimica (Say) — 2: July 7, 17. Beirne (1956) records this species 
from Ontario. 


Derbidae 
Cedusa vulgaris (Fitch) — 1: June 27 (to USNM). A hopper of this genus 
was found in a leaf of pitcher-plant in 1956 (Judd, 1959). 
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Fig. 2. Seasonal Distribution of Insects in the Chamaedaphnetum calyculatae Association. 
Fulgoridae 
Oliarus ecologus Caldwell — 8: July 19, 27, 31, Aug. 
USNM). 
Lilurnia sp. — 1: Sept. 21. 


= 


?.-(3), 4; 23 Cw 


g 


: Coleoptera 
Cantharidae 


Cantharis sp. near proximus Green — 13: July 20 (2), 21, 22, 24, 26 (2), 27 
(2), 28, Aug. 1, 2, 6. A beetle of the genus Cantharis was found on July 25, 
1956 in a leaf of pitcher-plant (Judd, 1959). 

Podabrus sp. — 1: June 9 — Blatchley (1910) reports that species of Podabrus 
are collected by sweeping and beating. 

Lycidae 

Plateros sp. — 1: July 28. A beetle of the genus Plateros was found on 

Aug. 17, 1956 in a leaf of pitcher-plant (Judd, 1959). 


Helodidae 

Cyphon sp. — 34: May 15-Nov. 1, maximum Sept. 12 (3) (Fig. 1). Beetles 
of the genus Cyphon were found in leaves of pitcher-plant on July 3, 1956 
(Judd, 1959). 
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Chrysomelidae 

Bassareus (?sulfuripennis Melsh.) — 1: July 24. Blatchley (1910) reports 
that beetles of this genus are caught by beating and sweeping. 

Triachus sp. — 1: Aug. 21. Blatchley (1910) reports that one species of 
Triachus is collected by sweeping huckleberry bushes. 

Pachybrachis (?othonus Say) — 7: June 17, 25, July 10, 18, 23, 25, Aug. 1 
Blatchley (1910) reports that beetles of the genus Pachybrachis are collected 
by sweeping herbage in moist places. 


Coccinellidae 
Cycloneda munda (Say) — 1: Sept. 13. 


. Lepidopt 
Geometridae epicoptera 


Cingilia catenaria Cr. — 2: Oct. 7,10. Leonard (1926) reports that the larva 
of this moth is a general feeder, especially on shrubs. On Sept. 25 at about 
9.00 A.M., a calm morning with the shrubbery in the bog still heavily covered 
with dew, these moths were hovering in thousands over the bushes of leatherleaf. 
Twelve specimens were captured, one of which is retained in the CNC. 


Lycaenidae 

Lycaena epixanthe michiganensis Raw.—1: July 9. Klots (1951) records 
that this > ge appears in late June and early July and that it is very local, never 
straying far from the acid bogs where the food plant, cranberry, grows. Two 
species of cranberry, Vaccinium oxycoccos and V. macrocarpon, grow in the 
Byron Bog (Judd, 1958a). In addition to the specimens captured in the sweep- 
ing, others were seen in flight over the bog and settling on leatherleaf during 
July, and two were captured by netting, one on July 3 and the other on July 5. 

Incisalia augustinus Westwood — This species was not taken in the sweeping 
but was seen in rapid, flashing flight over the Chamaedaphne calyculata, fre- 
quently alighting to feed at the flowers. Two specimens were captured on May 
15 when the leatherleaf was ee its maximum blooming. Klots (1951) 
reports that its food plant is blueberry, one species of which, Vaccinium atro- 
coccum, grows in the Byron Bog (Judd, 1958a). 


Tipulidae yee, 


Dolichopeza subalbipes (Johnson) — 1: July 1 (to UM). This species was 
trapped from Redmond’s Pond on the Byron Bog in 1956 (Judd, 1958d). 
Alexander (1942) also records it — Ontario. 

Toxorbina muliebris (O.S.) — 2: July 30, Aug. 7. Alexander (1942) reports 
that this species is in flight from mid- June to early August and that it may be 
swept from vegetation in boggy areas. 

Erioptera cana (Walker) — 12: May 24, Aug. 2, 3, Sept. 1, Oct. 19, 20 (2), 
21 (2), 22 (2), 23, 31. Alexander (1942) reports that this species frequents 
vegetation near water. Its seasonal distribution in the Byron Bog is in accord 
with Alexander’s estimate that it appears in the spring and recurs in the fall. 

Erioptera uliginosa Alex. — 4: July 19 (to UM), Aug. 3, 10, Sept. 3. 
Alexander (1942) records that this is a species of the Canadian zone, appearing in 
sphagnum bogs. 

Pseudolimnophila inornata (O.S.) — 4: June 13 (2: 1 to UM), 18, 24. 
Alexander (1942) records this species from Ontario and reports that it is a very 
characteristic inhabitant of sphagnum bogs. 
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Dixidae 

Larvae of this family dwell in water and the adults are found in damp 
localities (Usinger et al., 1956). 

Dixa cornuta Joh. — 14: Oct. 20 (to USNM); 1¢@: Nov. 2. 

Dixa sp. — 3: Oct. 23, Nov. 1, 5. 


Heleidae 
Bezzia setulosa (Lw.) — 1: Aug. 16. This species is a common biting midge 
in the northeastern United States (Lewis, 1959). 


Culicidae 

Aedes stimulans (Walker) — 292 @: May 26, July 29. This species was the 
most abundant of the mosquitoes collected at London by Judd (1954). 

Aedes canadensis (Theobald) — 189 @: June 12-July 9, maximum June 15 
(3) (Fig. 1). This species was collected at London as larvae in May (Judd, 
1954). Beckel and Atwood (1959) found the larvae most commonly in acid 
waters with Sphagnum present in Algonquin Park. 

Aedes fitchii (Felt and Young) — 19: July 24. This species was the second 
most abundant of the mosquitoes collected at London (Judd, 1954). 

Aedes vexans (Meigen) — 19: June 8. This species was collected at London 
by Judd (1954). 

Aedes punctor (Kirby) — 289 9: May 24-June 15, maximum May 30 (5) 
(Fig. 1). This species was not collected at London (Judd, 1954) but has been 
recorded from Ontario (Carpenter and LaCasse, 1955). Beckel and Atwood 
(1959) found adults widely distributed in Algonquin Park and larvae particularly 
common there in acid bogs. 

Chaoborus flavicans (Mg.) — 28 6: June 28, July 9; 1¢@: July 5. This 
species was trapped in large numbers from Redmond’s Pond in 1956 (Judd, 
1958d) and was found in leaves of pitcher-plant in the bog (Judd, 1959). 

A definite difference between the mosquito populations in the vicinity of 
London and in the Byron Bog is noticeable, although the two localities are only 
three miles apart. The two commonest species around London, Aedes stimulans 
and A. fitchii, were scarce in the collections in the Byron Bog, while of the two 
species which were commonest in the Byron Bog, Aedes punctor and A. cana- 
densis, the former was not found at London and the latter was found only as 
larvae in one pool (Judd, 1954). : 


Fungivoridae 
Flies of this family are insects of moist places (Curran, 1934). 
Allodia ornaticollis (Mg.) — 1: Oct. 17 (to USNM). 
Fungivora folcata (Joh.) — 2: Sept. 11 (to USNM), Oct. 18. 
Boletina sp. — 1: Oct. 20. 
Mycomyia sp. — 6 (3 to USNM): Oct. 13, 19, 21, 22, 25, Nov. 3. 
Macrocera sp. — 1: Aug. 11. 


Itonididae 
Anarete sp. — 1: Aug. 15. 


Dolichopodidae 
Dolichopus comatus Lw. — 4: June 20, Aug. 23 (2), 24. 
Diaphorus sp. — 1: July 22. 
Chrysotus sp. — 1: Oct. 23. 
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Musidoridae 

Musidora furcata (Fallen) — 1: Oct. 31. 
Dorilaidae 


Four flies of unknown genus were collected on July 7, 23, 24 and Aug. 16. 
Flies of this family are parasites of Homoptera (Brues et al., 1954), the most 
predominant group collected in sweeping in the bog. 


Empididae 

Flies of this family are most abundant in moist places (Curran, 1934). 

Syndyas polita Lw. — 10: July 11, 14, 16, 17, 21, 28 (2), Aug. 4, 6, 7 (3 to 
USNM). 

Euby bus sp. near subjectus (Walk.) — 4: June 27, July 23, Aug. 5, 29 (2 to 
USNM). 
Syrphidae 

Chrysogaster pictipennis (Lw.) — 2: May 25, June 14 (1 to USNM). 

Eurhimyia stipatus (Walker) — 1: June 30 (to USNM). 

Mesograpta marginata (Say) — 3: July 18, 26, Aug. 2. 

Mesograpta geminata (Say) — 1: Aug. 1. 
Scopeumatidae 

Scopeuma stercorarium (L.) — 2: Oct. 8, 11. 
Sciomyzidae 

Dictya expansa Steys. — 3 8 8: Aug. 12, Oct. 1, 6 (1 to USNM). 

Dictya borealis Curran — 2 8 4: Sept. 23, 26 (1 to USNM). 

Dictya sp. — 39 2: Sept. 14, Oct. 9, 22. 

Pherhellia fuscipes Macq. — 1: May 25. 
at London (Judd, 1957b). 

Pherbellia nana (Fall.) — 1: Aug. 8. This species was reared from snails at 
London (Judd, 1957b). 

Sepedon fuscipennis Lw. — 3: Oct. 21, 31, Nov. 14. This species was trapped 
from water at London by Judd (1957a). 


This species was reared from snails 


Lauxaniidae 
Homoneura sheldoni (Coq.) — 3: Aug. 4, 22, 25 (2 to USNM). 
lephritidae , 
Euresta bella (Lw.) — 5: July 22, 26 (2), Aug. 3, 7. 
Ephydridae 
Dichaeta caudata (Fallen) — 3: Oct. 21, 23, Nov. 4 (1 to USNM). This 


species was trapped in 1956 from Redmond’s Pond in the bog (Judd, 1958d). 
Scatella stagnalis (Fallen) — 1: Aug. 13. 


Chloropidae 
Diplotoxa microcera Lw. — 1: July 21. 
Oscinella carbonaria (Lw.) — 1: Aug. 12. 


Drosophilidae 
Scaptomyza disticha Duda — 1: Sept. 11. 


Calliphoridae 

Pollenia rudis (Fabr.) — 294 4, 172 9: Aug. 2-Nov. 10 (Fig. 2). This 
species was also trapped in a baited trap (Judd, 1958c) in the bog in 1956 when 
it was found to be most abundant in the fall, as it was in the sweeping of leather- 
leaf. It was also found in leaves of pitcher-plant (Judd, 1959). 
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Sarcophagidae 

Sarcophaga derelicta Walk. — 2: June 29, July 30. 

Sarcophaga impar Ald. — 1: June 20 (to USNM). 

Sarcophaga rapax W\ik. — 1: June 10. 

Sarcophaga latisetosa Park — 5: June 24, July 29, Aug. 1, 2, 14 (1 to USNM). 
This species was collected at London (Judd, 1956). 

Sarcophaga querula Walk. — 2: June 21, Sept. 6. This species was collected 
at London by Judd (1956). 


Sarcophaga sp. — 3: July 25, Aug. 26, Sept. 5. 


Larvaevoridae 
Schizotachina sp. — 1: Aug. 24 (to USNM). 
Blepharigena cinerea Coq. — 12: June 12. 
Actia diffidens Curr. — 1: June 11 (to USNM). 


Muscidae 
Limnophora sp. — 1: sag §. 
Gymmnodia sp. — 1: Aug. 2 
Phaonia sp. — 1: May 15. 
Schoenomyza dorsalis Lw. — 1: Aug. 3. 
Schoenomyza sp. — 3: Aug. 19, 25, Nov. 1. 
Coenosia (Limosia) sp. near flavifrons Stein — 3: Aug. 20, 28, Sept. 6. 
Coenosia (Limosia) sp. near nigrescens Stein — 7: Sept. 7, 9 (2), 10, 12, Oct. 
7, 26. 
Coenosia humilis Mg. — 7: July 31, Aug. 3, 5, 6, Sept. 9, Oct. 2, Nov. 4. 
Hylemyia cilicrura (Rond.) — 22: June 15-Aug. 27 (Fig. 1). 


Hymenoptera 
Tenthredinidae 
Dolerus gessneri konowi MacG. — 14: May 29 (to USNM). This species 
is recorded as being transcontinental in distribution in North America by Muese- 
beck et al. (1951). 


Halictidae 
Halictus (Chloralictus) sp. — 1 4: Aug. 29. 


All the wasps in the following account are in genera which include species 
parasitic on insects, mainly caterpillars and dipterous larvae (Muesebeck et al., 
1951). 


Braconidae 
Apanteles ensiger Say — 2: Aug. 17 (1 to USNM). This species was also 
found in leaves of » th Bethel in 1956 (Judd, 1959). 


Chelonus fissus Prov. — 1: Aug. 24. 


Meteorus hyphantriae Riley — 4: July 16, Aug. 23, Sept. 8, Oct. 16 (2 to 
USNM). 


Orgilus sp. — 1: July 16. 


Ichneumonidae 
Asphragis mirabilis (Cress.) — 4: July 11 (2), 16, Aug. 12 (4 to USNM). 
?Campoplex sp. — 3 8: July 26, 31, Aug. 2 (3 to USNM). 
Cremastus sp. — 4: July 24, 31 (2), Aug. 2 (¢4to USNM). A wasp of this 
genus was found in a leaf of pitcher-plant in 1956 (Judd, 1959). 
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Cymodusa sp. — 1: July 27 (to USNM). 
Dusona sp. — 18: June 26 (to USNM). 
Gelis sp. — 1: June 14 (to USNM). 


Perilampidae 
Perilampus robweri Smul. — 1 4: Sept. 1 (to USNM). 


Pteromalidae 
Hypopteromalus sp. — 1 ¢: Oct. 15. 


Eurytomidae 
Eurytoma sp. — 1@: Aug. 11 (to USNM). 


Chalcididae 
Spilochalcis delumbis (Cress.) — 12: July 29. 


Diapriidae 
Aclista sp. — 2: July 30, Aug. 6. 
Basalys sp. — 2: Aug. 13, Oct. 15. 
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Some New Genera and Species of Aphids from Canada 
(Homoptera: Aphididae) 


By D. Hitte Ris LaMsBers 
Bladluisonderzoek T.N.O., Bennekom, Netherlands 


In spare moments during and after the Xth International Congress of Ento- 
mology I collected many aphids in Canada. The present paper contains des- 
criptions of some of these that appeared to be new, while two of the leading 
Canadian aphid specialists permitted me to add descriptions of some more new 
species that were present among the material that they submitted for identifica- 
tion. 

Cachryphora canadensis nov. spec. 
Apterous viviparous female. 

Body small, 1.00-1.38 mm long, broadly oval. Head and pronotum pale 
brown sclerotic; mesonotum dark brown sclerotic; metanotum to abd. tergite 
VII completely fused to a blackish brown, completely smooth shield in which 
no segmental borders are discernable and which laterally reaches down to include 
even the stigmal pori; VIIIth abd. tergite vaguely brownish sclerotic. Dorsal 
hairs sparse, on IIIrd abd. tergite blunt, about 0.009 mm long; on VIIth tergite 
with faintly incrassate apices, about 0.030 mm long; on VIlIIth tergite 4 stiff 
hairs of about 0.045 mm long with spear-shaped apices. No marginal or spinal 
tubercles present. Front slightly convex, without frontal tubercles. Antennae 
rather thin, 4/5-11/12 length of body, pigmented like the head and from distal 
portion of IIIrd segment apicad gradually blackening; IIIrd segment smooth, on 
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the middle part with 1-7 rather large rhinaria in a row, and there generally 
slightly incrassate; I1Vth segment faintly imbricated; processus terminalis long 
and thin, 1%-2'% times as long as IlIrd segment, 3% -5 times base of VIth seg- 
ment. Antennal hairs short and blunt, on IIIrd segment about 0.008 mm long, 
about half as long as the thin base of that segment. Rostrum rather long, reach- 
ing to about the IInd abd. sternite; last segment rather long and slender, normal 
in shape and chaetotaxy (no needle-like tip, 3 pairs of hairs near apex) about 
1% times as long as the small 2nd joint of hind tarsi, with 4-8 hairs on basal half. 
Siphunculi slightly paler than dorsum, with dark apex, placed on a small mem- 
branous area, quite smooth, constricted at base, nearly cylindrical on basal 
% part and there nearly twice as thick as hind tibiae, on distal % part thinner 
and from there again widening into the thick knobbed apex with semiglobular 
flange, about 2/7-1/3 length of body. Cauda pale, small, triangular with rounded 
apex, sometimes constricted at base and near middle, about 2/7-1/3 of siphunculli, 
with 5 hairs. Legs thin, with pale femora; tibiae sometimes about as dark as 
dorsal integumentum; first tarsal joints with 3, 3, 2 short hairs. Stigmal pori very 
wide and round, on small tubercles; those of abd. segments I and II rather far 
apart. 
Colour unknown to me. 


Measurements in mm. 


Length Rhin. Ant. vcd 
No. body Ant.| Siph.| Cau. on III Il IV Vv VI 
1 1.04 0.77 | 0.30) 0.11 1 & 1 0.14 | 0.09 | 0.11 | 0.07 + 0.27 
2 1.19 1.16 | 0.36 | 0.13 6&7 0.22 | 0.18 | 0.15 | 0.10 + 0.40 
3 1.12 0.86 0.32 0.10 3&4 0.14 | 0.11 | 0.12 | 0.09 + 0.32 
4 1.17 0.93 | 0.32 | 0.12 2 & 3 0.16 | 0.12 | 0.12 | 0.09 + 0.34 
a 1.26 1.00 | 0.34 | 0.13 2&2 0.11 | 0.12 | 0.12 | 0.08 + 0.32 
6 1.21 0.88 | 0.31 | 0.11 2&2 0.11 | 0.12 | 0.12 | 0.08 + 0.32 


Notes. Eleven apterae viviparae from Solidago canadensis, Toronto, Ontario, 
1-VIII-1948, leg. S. F. MacDonald, were received from Dr. H. L. G. Stroyan. 

The genus Cachryphora Oestlund, 1922 (type Rhopalosiphum serotinae 
Oestl., 1887) has not been accepted by other American authors. Palmer (1952) 
places the typus generis in Rhopalosiphum Koch and writes that Cachryphora is 
at most a subgenus of Rhopalosiphum. However, it is clear that the structure of 
the stigmal pori (which also in the typus generis are circular, open and tuber- 
culate), the shape of the front, the sclerotic tergum in apterae, the absence of 
marginal tubercles, the shape of the siphunculi and particularly of the apices of 
the siphunculi make it impossible to place Cachryphora under Rhopalosiphum. 


As in other groups, the swelling of the siphunculi has been overestimated as 
a generic character (cf. Cavariella del Guercio in which every authority on 
aphids places species with swollen siphunculi together with species with 
cylindrical siphunculi). The discovery of the new species makes it possible to 
show that Cachryphora is nearly related to Epameibaphis Oestl., 1922. It has 
the same general structure, curious knob-like apex to the siphunculi, sclerotisation, 
antennal sensoriation, etc., but it differs in the structure of the last rostral seg- 
ment. In Epameibaphis this is stiletto-shaped with a needle-like process beyond 
the hairs which is typical for many aphids feeding on Anthemideae, and the 
dorsal hairs are long and rod-like with thickened apices, 
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Holotype.—Apterous viviparous female, Toronto, Ontario, 1-VIII-1948, on 
Solidago canadensis L., leg. S. F. MacDonald. In the author's collection. 

Paraty pes.—10 apterae viviparae. Data as for holotype. In the author’s 
collection, in that of Dr. H. L. G. Stroyan and in the Canadian National Collec- 
tion, Ottawa, Ontario. 


Dactynotus paucosensoriatus nov. spec. 
Apterous viviparous female. 

Body about 2.5-3.6 mm long, broadly spindle-shaped. Longest hairs on 
IlIrd abd. tergite about 114-1% times as long as basal diameter of IIIrd abd. seg- 
ment, with spear-shaped apices; nearly all dorsal hairs on rather pale brownish 
scleroites which do not coalesce to multi-haired plates; spinal hairs only rarely 
duplicated and if there are some additional hairs, the latter not on scleroites; 
pleural hairs sometimes duplicated. Antesiphuncular sclerites absent or rudimen- 
tary, sometimes indicated by a small, more or less transversely oval, hairless 
sclerite, but postsiphuncular sclerites well developed. Head pale brown sclerotic 
with moderately developed, strongly diverging frontal tubercles and sometimes 
a trace of a median frontal tubercle. Antennae 1 1/20-11/8 times as long as 
body; basal segments blackish brown; flagellum with base of IIIrd segment 
brownish yellow to blackish brown, always paler than the rest which is brownish 
black to black; IIrd segment on basal %-' with 4-16 rhinaria which are closely 
packed on one side on a usually distinctly darkened portion of the segment, 
processus terminalis about 5-6 times as long as base of VIth segment, 14-14% times 
as long as IIIrd segment. Longest hairs on IIIrd ant. segment just longer than 
basal diameter of that segment. Rostrum reaching to or just past hind coxae; 
last segment rather long, about 1% times as long as 2nd joint of hind tarsi (with- 
out the claws), about as long as base of VIth ant. segment, with about 5-8 hairs 
besides the 3 pairs near apex. Siphunculi black, about 2/9-1/4 of length of body, 
rather gradually tapering from base to the cylindrical distal % part, seemingly 
smooth but under high power superficially dispersely imbricated, with distal 
%4-¥, reticulated, often with a very light constriction just below the small flange. 
Cauda especially on distal half alw ays smoky, about %4-% of siphunculi, slender, 
with a distinct waist at basal 4% part and there often just thinner than the half- 
way width of the siphunculi, with 12-18 acute hairs of two different lengths. 
Legs with basal half of femora pale, the rest blackish to black but tibiae often 
partly more transparent and mottled, first tarsal joints with 5 hairs. 

Colour in life bronzy brown, more reddish brown near siphunculi. 
Antennae and siphunculi black; legs black with basal half of femora pale; cauda 
yellowish with dark tip. 


Measurements in mm. 


Ant. segments 





Length Rhin. bias a8 
No. body Ant. | Siph. | Cau. on IIT 

Ill IV V VI 
1 2.65 3.15 | 0.61 |-0.44 9 & 10 | 0.70 | 0.61 | 9.51 | 0.18 + 0. 93 
2.87 | 3.13 | 0.74| 0.50) 5 & 6) 0.73 | 0.55 | 0.49 | 0.18 + 0.95 
\ 2.76 3.14 | 0.71 | 0.49 6 & 6/| 0.76 | 0.59 | 0.48 | 0.18 + 0.89 
Cis 1.91 2.57 | 0.55 | 0.40 4& 5 | 0.56 | 0.45 | 0.43 | 0.14 + 0.79 
5 3.00 3.15 | 0.75 | 0.53 9 & 11 | 0.72 | 0.59 | 0.50 | 0.17 + 0.95 
6 2.65 2.97 | 0.59 | 0.48 | 8 & 8 | 0.69 | 0.56 | 0.48 | 0.17 + 0.95 
7 3.37 ? 0.84 | 0.62; 9 & ?!| 0.94 ? ? ? 


(All from Aster sp.; 1-6, Fredericton, New Brunswick, 2-IX-1956, leg. M.E. MacGillivray and D.H.R. “e 7, Pokiok, 
New Brunswick, 21-VIII-1949, leg. M. B. Moore). 
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Alate viviparous female. 

Very. much like the preceding but head and thorax brown sclerotic; abdomen 
with dark marginal sclerites; VIIIth abd. tergite not with a distinct sclerotic 
transverse band. IlIIrd ant. segment with about 33-50 rather large rhinaria along 
one side. Siphunculi slightly more slender with about distal half more cylindrical, 
sometimes slightly widening towards the flange, with up to distal % reticulated. 
Distal half of femora and the tibiae throughout pitch black. Wings with pale 
brownish veins. 


Colour as in the preceding morph. 


Measurements in mm. 


| 
| 
| 


ry] | 








Length | Rhin. | : if 
No. body | Ant. | Siph. | Cau. on III | | | 
Iii | IV V | VI 
i ..| 2.77 | 3.20 | 0.63 | 0.43 | 41 & 45 | 0.78 | 0.67 | 0.57 | 0.18 + 0.98 
2 an | 3.18 | 3.99 | 0.82 | 0.55 | 41 & ? | 0.91 | 0.81 | 0.69 0.20 + 1.11 
| ae ..| 2.98 | ? | 0.67 | 0.49 | 47 & 48 | 0.92 | 0.72 | 0.64) 0.18 + ? 
, 0.87 | 0.17 + 0.96 


| 3.04 | 3.42 | 0.70 | 9.49 | 39 & 44 | 0.87 | 0.72 | 0.55 


| 





(All from Aster sp.; 1-2, Fredericton, New Brunswick, 2-IX-1956, leg. M. E. MacGillivray and D.H.R.L.: 3, ibidem, 
leg. D. Allaby; 4, Pokiok, New Brunswick, 21-VIII-1949, leg. M. B. Moore). 


Oviparous female. 

Very much like apterous viviparous female, but cauda thicker and more 
blunt, with more hairs. Hind tibiae swollen to about 14% times thickness of 
middle tibiae, with about 80-100 pseudosensoria on basal % part. 


Colour unknown. 








Measurements in mm. 
| Ant. segments 
Length | | a Sees a ie ee 
No. body | Ant. | Siph. | Cau. on III | | | 
| II | IV Raa VI 
_——$ $$$ |] J | | ————————_—__j—_—_ | eee ene 
1 Aecanes | 2.81 | 2.94 0.67 | 0.46) 7 & ? | 0.70 | 0.47 | 0.49 | 0.17 + 0.87 
EN aM | F 10.081 6.68) GA OFS.) F 1 7 ? 
| | | 


(1-2, from Aster (+ Solidago?), Newport, Maine, U.S.A., 18-IX-1944, leg. ?). 





Notes. The species lives in the inflorescences of its host plant, a nearly 
white Aster occurring along roadsides in woods. A few specimens were found 
on the stems. When we collected them there were brown and green nymphs 
which in Dactynotus means that the males are winged and have a green abdomen. 


The main characteristics of this species are the small number of rhinaria in 
apterae and their restriction to basal % of the IIIrd segment, the few spinal and 
pleural hairs on abdomen with well developed scleroites, the thinness of the cauda 
in its constricted portion, the virtually smooth basal half of the siphunculi and 
the fact that the last rostral segment is longer than the 2nd joint of the hind tarsi. 
Dactynotus chrysanthemi (Oestl.) from Bidens and Solidago is very similar, but 
its last rostral segment is at most as long as the 2nd joint of the hind tarsi, its 
tibiae are partly yellow to brown, and the siphunculi are acutely imbricated in as 
far as they are not reticulated. 
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Holotype.—Apterous viviparous female, Fredericton, New Brunswick, 
2-IX-1956, on Aster sp., leg. M. F. MacGillivray and the author. In the 
author’s collection. 

Paratypes.—15 apterae viviparae and 5 alatae viviparae. Data as for holotype. 
In the author’s collection and in the Canadian National Collection, Ottawa, 
Ontario. 

Dactynotus russellae nov. spec. 
Apterous viviparous female. 

Body about 2.5-3.1 mm long, somewhat broadly spindle-shaped. Longest 
hairs on IlIrd abd. tergite about 1%-1'% times as long as basal diameter of IlIrd 
ant. segment; all dorsal hairs with spear-shaped or blunt apices, placed on well 
developed dark scleroites which do not mutually fuse to multi-haired plates; 
spinal and pleural hairs duplicated. Antesiphuncular sclerites totally absent, post- 
siphuncular sclerites well developed. Head moderately dark sclerotic, with 
rather well developed, diverging frontal tubercles. Antennae 1 2/7-1 4/9 times 
as long as body, black with the basal segments slightly paler to blackish brown, but 
still darker than the head; IIIrd segment not more than 1% times [Vth segment, 
with about 22-42 rather tuberculate, rarely transversely oval rhinaria irregularly 
placed along one side over basal /-%; processus terminalis about 4//-6 times 
base of VIth segment, longer than IIIrd segment. Longest hairs on IIIrd ant. 
segment about as long as basal diameter of that segment. Rostrum reaching far 
past the hind coxae; last segment very long, about twice as long as 2nd joint of 
hind tarsi (without the claws), about 1% times as long as base of VIth ant. seg- 
ment, with only about 6-10 short and inconspicuous hairs besides the 3 almost 
equally short pairs of hairs near its apex. Siphunculi about length of body, 
black sclerotic, thick, at base about twice as thick as in the middle, from distal 
Y; part onwards rather cylindrical, rather evenly covered with small spinulose 
imbrications, with about distal 4 part reticulated; flange small. Cauda much 
paler than the siphunculi but usually rather conspicuously pigmented, about 
%-¥% of the length of the siphunculi, ensiform, somewhat attenuated at basal 
Y; part, nearly acute, with about 16-23 acute hairs, some of which are thinner 
and shorter. Legs long; basal half of femora pale, distal half blackish; tibiae on 
distal half and at the very base black, on basal half from brownish yellow to 
blackish brown; first tarsal joints with 5 hairs. 


Colour. Body in life blackish bronzy, with black antennae, siphunculi and, 
except for the pale basal half of the femora, black legs, cauda usually darkish, 
sometimes almost black. 


Measurements in mm. 


























| Ant. segments 
Length Rhin “a 
No body | Siph. | Cau on III | | 
III IV Vii VI 
EE 2.80 | 3.80 | 0.94 | 0.54 | 37 & 37 | 0.87 | 0.80 0 64 | 0.21 + 1.04 
Speed eens! 2.72 | 3.57 | 0.86 | 0.49 | 36 & 37 | 0.81 | 0.67 | 0.61 | 0.21 + 1.02 
iccksenaea 3.05 3.93 0.94 | 0.53 | 35 & 37 | 0.98 | 0.66 | 0.65 | 0.21 + 1.17 
4 2.85 | 3.96 | 0.96 | 0.57 | 33 & 37 | 0.98 | 0.73 | 0.69 | 0.20 + 1.18 
Sr ee 2.83 | 3.69 | 0.89 | 0.54 | 34 & 35 | 0.85 | 0.67 | 0.59 | 0.21 + 1.14 
6 2.70 | 3.68 | 0.89 | 0.52 | 24 & 27 | 0.85 | 0.68 | 0.60 | 0.21 + 1.11 
FR Tee ae 3.28 | 4.26 | 1.04 | 0.60 | 36 & 41 | 1.09 | 0.86 | 0.70 0.20 + 1.19 
| 








(All from Anaphalis margaritacea; 1-2, Laurentide Park, Quebec, 27-VIII-1956, leg. D. Hille Ris Lambers; 3-7, 
Fredericton, New Brunswick, 1-I1X-1956, leg. M. E. MacGillivray and D. Hille Ris Lambers). 
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Alate viviparous female. 

Very much like preceding morph, but head and thorax blackish brown 
sclerotic; abdomen with dark marginal sclerites; sclerites at bases of spinal and 
pleural hairs usually smaller, a more or less complete sclerotic band across VI[Ith 
tergite. Il[Ird ant. segment with about 35-57 rhinaria over very nearly its whole 
length. Siphunculi less enlarged at base and thinner throughout, about 2/7 of 
length of body, with distal %4-% reticulated. Cauda with somewhat fewer hairs. 
Legs black with only basal half of femora pale. Wings with rather pale brownish 
veins. 

Colour as in preceding morph. 


Measurements in mm. 








Ant. segments 








| Length | | | Rhin. | 
Na body Ant. | Siph. | Cau on III | 

| | WI} IV} Vv | VI 
1 3.00 4.34 | 0.87 | 0.48 | 51 & 55 | 0.92 | 0.86 | 0.76 | 0.21 + 1.35 
2 3.09 | 4.03 | 0.87 | 0.47 43 & 46 | 0.95 | 0.79 0.73 | 0.20 + 1.14 
3 2 a ae 0.88 | 0.45 | 48 & ? |0.93|0.79| ? ? 
4 3.00 3.91 | 0.86 | 0.57 | 38 & 40 | 0.87 | 0.76 | 0.66 | 0.20 + 1.17 
5 3.16 4.22 | 0.85 | 0.48 | 41 & 43 | 0.95 | 0.75 | 0.75 | 0.21 + 1.32 
6 3.50 4.26 | 0.93 | 0.53 | 47 & 51 | 0.98 | 0.79 | 0.75 | 0.20 + 1.30 











Allfrom Anaphalis margaritacea: 1, Laurentide Park, Quebec, 27-VIII-1956, leg. D. Hille Ris Lambers; 2, Fredericton, 

New Brunswick, 1-I1X-1956, leg. M. E. MacGillivray and D.H.R.L.; 3, Alma, New Brunswick, 1-VIII-1950, leg. 
M. B. Moore; 4-5, Taymouth, New Brunswick, 21-VIII-1957, leg. G. B. Anderson; 6, Fredericton, New Brunswick, 
22-IV-1958, leg. M. E. MacGillivray). 





Oviparous female. 

Much like apterous viviparous female, but IIIrd ant. segment in the available 
sample conspicuously darkened on the area bearing the rhinaria, often almost 
blackish, darker than IVth ant. segment. Hind tibiae rather swollen on basal 
’4-%, and there with numerous pseudosensoria, not darkened, but like the other 
tibiae pale. 

Colour. As in apterous viviparous female. 


Measurements in mm. 





/ 
Ant. segments 


Length a aa a ss Bs es 
No. | body | Ant. | Siph. | Cau. on ITI 
Ill IV V VI 
1 3.21 4.01 | 1.06 | 0.53 | 29 & 29 | 0.86 | 0.77 | 0.70 | 0.19 + 1.21 
2 3.04 3.99 | 0.94 | 0.47 | 30 & 33 | 0.96 | 0.77 | 0.70 | 0.19 + 1.14 
3 2.83 | 3.58 | 0.83 | 0.45 | 28 & 32 | 0.80 | 0.67 | 0.64 | 0.19 + 1.06 
4 3.36 | 4.03 | 1.00 | 0.51 | 29 & 34} 0.94 | 0.77 | 0.77 | 0.19 + 1.13 





(1-4, from Anaphalis margaritacea, Fredericton, New Brunswick, 22-IX-1958, leg. M. E. MacGillivray). 





Alate male. 

Rather like alate female, but smaller and more slender, with the sclerotisation 
on abd. tergites VI and VII more developed. IIIrd ant. segment with about 
70-76 rhinaria, [Vth with 14-20, Vth with 5-17. Siphunculi little more than 
% of length of body, widening towards base and flange. Cauda darkened, tri- 
angular, about 15/7 times as long as its basal width, with about 11-14 hairs. 
Genitalia normal. 

Colour. Not recorded. 
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Measurements in mm. 




















| 
| 
| | | | = 








|.2, from Anaphalis margaritacea, Fredericton, New Brunswick, 22-1X-1958, leg. M. E. MacGillivray). 


Notes. This species is rather common in Eastern Canada in the inflo- 
rescences of Anaphalis margaritacea, sometimes together with Masonaphis 
(Ericobium) richardsi MacGillivray. From the discovery of sexuales by Mrs. 
M. E. MacGillivray one may conclude that it hibernates as eggs on Anaphalis. 
Its long beak, similar to that in M. (E.) richardsi, suggests an adaptation to its 
felty host plant and most probably the species is monophagous. 


Because of the shape and length of the last rostral segment the species is 
very easily recognisable, for no described Dactynotus has such a long and slender 
last rostral segment. Some apterae show the cauda so dark that one might 
almost mistake them for a member of the subgenus Uromelan Mordv. 

Holotype.—Apterous viviparous female, Laurentide Park, Quebec, 
27-VIII-1956, on Anaphalis margaritacea (L.) C. B. Clarke, leg. the author. In 
the author’s collection. 

Paratypes.—3 apterae viviparae and 5 alatae viviparae (data as for holotype) 
and 10 apterae viviparae and 2 alatae viviparae, Fredericton, New Brunswick, 
1-[X-1956, on the same host, leg. M. E. MacGilltvray and the author. In the 
author’s collection, in the U.S. National Museum, Washington, D.C. and in the 
Canadian National Collection, Ottawa, Ontario. 


Iziphya punctata nov. spec. 
Apterous viviparous female. 

Body elongated pyriform, nearly 2, times as long as its maximum width, 
about 1.80-2.25 mm long. Tergum sclerotic with abd. tergites II-VI com- 
pletely fused, but nearly colourless, with at the bases of the dorsal hairs smoky, 
brownish, vaguely bordered, roundish dots; however, these dots are absent at the 
bases of all marginal hairs, and small or absent at the hairs close to the median 
line, while they are large and partly coalescing pleurally, so that two, caudad 
and cephalad coalescing, bands of dots are formed, that leave the margin of the 
body and a median line more or less pale; intersegmentally dark transverse 
lines present; VIIth and VIlIIth tergites smoky and dots there less «:stinct. 
Dorsal hairs numerous, on the head to abd. tergite IV broadly fan-shaped, about 
as long as their maximum width, more caudad longer and on tergite VII and VIII 
with rod-shaped shafts and little enlarged apices (fan-shaped hairs in lateral view 
look rod-shaped!). Head quite pale with the area around the bases of the 
antennae brownish and two thin caudad diverging indistinct brown lines on 
vertex. Front strongly bulging, with two normal thin hairs. Antennae 3/4-8/9 
length of body; flagellum covered with transverse rows of spinules, black, with 
basal 4-% of IIIrd segment yellowish; rarely a rhinarium near apex of IIIrd seg- 
ment. Hairs on IIIrd segment sparse, short, acute, nearly % of diameter of the 
segment in the middle. Rostrum reaching the middle coxae, the blunt last seg- 
ment with 8 hairs. Siphunculi cylindrical on a dark conical base, ringed with 


Rhin. on segment Ant. segments 
Length 
No body | Ant. | Siph. | Cau. | | 
| TIT IV ¥ to | a ee on VI 
} } | 
2.65 Pedied 0.26 | 71 &72|)14&17|10& s| 0. 93 | 0.81 | 0.74 | 0.19 + 1.13 
2.79 | 4.10 | 0.61 | 0.27 | | 71 & 76 | 17 & 20 | 17 & 14) 0.93 | 0.87 | 0.70 | 0.19 + 1.17 
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spinules, with a few fan-shaped hairs on base. Cauda rather pale, knobbed. Legs 
as typical for the genus, with the femora, the base of the tibiae and the tarsi 
blackish, the rest pale; the tibiae near base on dorsal surface with 2-4 hairs with 
flattened apices, their other dorsal hairs rod-shaped, apicad acute. 


Colour in life not noted. 


Measurements in mm. 

















Ant. segments 
Length | 
No. body | Ant. | Siph. | Cau. | | 

| | | } mm | av Vv VI 
arse | 1.56 | 0.06 | 0.12 | 0.45 | 0.26 | 0.29 | 0.16 + 0.24 
2... /| 2313 | 180 | 0:06 | 0.14 | 0.55 | 0.29 | 0.30 | 0.16 + 0.30 
3........| 1.80 | 1:58 | 0.06 | 0.11 | 0.50 | 0.27 | 0.26 | 0.16 + 0.23 
4........| 1:82 | 1:57 | 0.06 | 0.13 | 0.53 | 0.24 | 0.24 | 0.15 + 0.22 
5.......| 1.98 | 1:76 | 0.06 | 0.15 | 0.60 | 0.27 | 0.27 | 0.14 + 0.26 
6.. | 1.95 | 1.66 | 0.06 | 0.14 | 0.51 | 0.26 | 0.26 | 0.15 + 0.26 








Alate viviparous female. 

Quite different from the preceding. Head dark, blackish brown with a 
completely pale median, parallel-sided band; thorax evenly blackish; abdomen 
with from the middle of IIIrd segment caudad lengthening transverse bars, of 
which those on tergites II, III and IV are more or less fused, but with linear inter- 
segmental perforations; those on tergites 1V and V both connect the siphunculi, 
but there a membranous stripe separates them from each other; the bars on VIIth 
(which is caudad corrugated) and VIIIth tergite free; marginal sclerites on 
tergites I-III free, that on IV sometimes fused with the bar across that tergite; 
all these abdominal sclerites blackish, with lines of bluntish spinules. Dorsal hairs 
on abdomen more slender, and therefore the hairs on tergites VI-VIII rod-like 
with blunt apices. Antennae and legs darker than in apterae viviparae, the pale 
parts up to dark brown; IIIrd segment with about 15-25 rhinaria very nearly in a 
row, at least the larger ones of the two sizes. Wings as typical for this genus. 

Colour not noted. 


Measurements in mm. 















































a Ant. segments 
Length Rhin. 
No. body | Ant. | Siph. | Cau. on III 
III IV Vv VI 
sve otobinares 7a» 1.74 | 0.06 | 0.15 | 19 & 25 | 0.59 | 0.28 | 0.26 | 0.17 + 0.28 
- er <a) ae 1.93 | 0.06 | 0.15 | 15 & 15 | 0.57 | 0.34 | 0.35 | 0.18 + 0.30 
) ere, 1.95 ? 0.06 | 0.15 | 15 & ? | 0.61 | 0.28 ? ? ? 
: Ee ee eee 1.85 ? 0.06 ial, 17 & ? | 0.61 | 0.33 ? ? 








Oviparous female. 


Not much different from apterous viviparous female, but on abdomen the 
brown intersegmental lines absent or dotted, and all the tergites mutually free 
though still sclerotized and still dotted as in viviparae. Antennae comparatively 
shorter. Ventrally below each siphunculus a very large bean-shaped wax-gland, 
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which is dark pigmented, and which has two round perforations. Hind tibiae 
dark, swollen, with many pseudosensoria, their apices paler. 
Measurements: Length of body: 1.96 mm.; ant.: 1.56 mm.; siph.: 0.06 mm.,; 


0.45; 0.22; 0.28; (0.14 + 0.26) 
il IV Vv VI ee 


Notes. A number of apterous and alate viviparae, and oviparae were collect- 
ed from the leaves of Carex crawfordii, a very common sedge along roadsides in 
the Laurentide Park, Quebec, 29-VIII-1956. The aphid appeared to occur at 
numerous places along the main road, but was most numerous at the muddy 
shore of a lake. It distinguishes itself from other described species of the genus 
by its pigmentation, especially by the absence of any dark or black, broken or not 
broken, transverse bands, on any part of the body. As the body is rather more 
elongated than in other species it might be mistaken for a Thripsaphis of the 
cyperi Wk. group, also because with a pocket lens cleared specimens look 
brownish grey with a pale median stripe. The alatae can hardly be distinguished 
from those of several other members of the genus. Unborn larvae have rod- 
shaped, apicad flattening and widening spinal hairs of about 0.022-0.030 mm on 
the anterior abdominal segments. 

With the key in Richards (1958) the species runs to /. vittata Richards, but 
its pigmentation does not agree with Richards’ fig. 4, and the body is much more 
elongated. 

Holotype.—Apterous viviparous female, Laurentide Park, Quebec, 
29-VIII-1956, on Carex crawfordii Fern., leg. the author. In the author’s collec- 
tion. 

Paratypes.—12 apterae viviparae, 3 alatae viviparae and 9 oviparae, data as for 
holotype. In the author’s collection, in the U.S. National Museum, Washington, 
D.C. and in the Canadian National Collection, Ottawa, Ontario. 








cau.: 0.15 mm. Ant. segments: 


Metopolophium beiquei nov. spec. 
Apterous viviparous female. 

Body elongated oval, large. Tergum membranous, smooth, without pig- 
mentation. Dorsal hairs very sparse, inconspicuous, bluntish, at most half as long 
as basal diameter of IIIrd ant. segment. No tubercles visible. Front faintly 
yellowish, smooth, with moderately developed, strongly diverging frontal 
tubercles; median frontal tubercle very conspicuous. Antennae rather shorter 
than body, smooth up to nearly Vth segment, pale to about the middle of IlIrd 
segment and from there on apicad gradually darker to black; IlIrd segment on 
basal %-¥% with 2-6 rather small, hardly elevated rhinaria in a line; processus 
terminalis 4%4-5', times base of VIth segment, subequal to IlIrd segment. Hairs 
on IIIrd ant. segment up to 4/9 of basal diameter of that segment. Rostrum very 
short, reaching only little past the anterior coxae; last segment very short, about 
half as long as 2nd joint of hind tarsi, wider than long, very blunt, with 0(?)-3 
hairs besides the 3 pairs near apex. Siphunculi colourless, gradually tapering to 
the rather thin, nearly flangeless apex, about % of length of body, from base to 
apex gradually more conspicuously blunt imbricated. Cauda thick, not con- 
stricted, with convex sides, rather acute, about %-% of length of siphunculi, 
faintly pigmented, with about 15-21 rather inconspicuous, acute hairs. Legs 
moderately long, yellowish pigmented, but 2nd tarsal joints especially on distal 
half somewhat dusky; first tarsal joints with 3, 3, 3 hairs. 

Colour in life pale green, with a median and two marginal longitudinal 
stripes bright green. 
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Me "asurements in mm. 





Length | Rhin. |__ ee 
No. body | Ant. | boas | Cau. on III 
Ill I\ V VI 
As. 4.00 3. 70 | 0.67 | 0.53! 5 & 6 | 0.95 | 0.63 | 0.60 | 0.19 + 1.02 
3.94 | 3.40 | > . 0.50; 2 & 3 | 0.92 | 0.60 | 0.53 | 0.18 + 0.86 
3... 4.17 3. 43 | 0.47 | 2 « 6 | 0.88 | 0.61 | 0.53 | 0.19 + 0.89 


(1-3, host unknown, Reneeititly Park, ‘ati 28-VIII-1956, hie D.H.R.L.). 


Notes. Three adult apterae viviparae, one of which is rather teneral, were 
threshed from a mixed vegetation of Gramineae, Carex, Comarum, Solidago and 
Galium in a bog near the cabins at Le Relais. The shape of the last rostral seg- 
ment suggests that the host plant was Carex or some grass. 

Recognition of this large species should be easy as no other known Meto- 
polophium has such a large number of caudal hairs. 

Holotype.—Apterous viviparous _ female, 
28-VIII-1956, host unknown, leg. the author. 

Paratypes.—2 apterae viviparae. 
collection. 


Laurentide Park, Quebec, 
In the author’s collection. 
Data as’ for holotype. In the author’s 


Paraschizaphis scirpicola nov. spec. 
Apterous viviparous female. 

Body small, oval. Head, siphunculi, cauda, subanal and subgenital plate 
more or less dark, the rest membranous, indistinctly reticulated. Marginal 
tubercles rather long, present on pronotum, abd. segments I-IV and VI-VII; dorsal 
hairs very numerous, in more or less distinct double transverse rows per segment, 
very long and fine, those on IIIrd abd. tergite about 31-4 times basal diameter 
of IIIrd ant. segment; VIIIth abd. tergite with 6-8 hairs. Front of the usual 
Schizaphis-type. Antennae about 5/7-2/3 length of body, blackish brown with 
the basal segments and the base of IIIrd segment dark brown, slightly imbricated 
from basal % of IlI[rd segment onwards; for interrelation of segments vide 
measurements. Antennal hairs long and fine, those on IIIrd segment up to 2-3 





times basal diameter of that segment. 


Rostrum short, reaching past the middle 


coxae; last segment rather blunt, about 1% 


-1¥% times the short 2nd joint of hind 


tarsi, with two hairs besides the 3 apical pairs. 


Siphunculi black, about 1/7-1/6 


length of body, tapering to near the flange ahd there suddenly widening, faintly 
spinulosely imbricated, with rather wide flange. Cauda dark, but much paler 
than — slightly constricted, about half as long as the siphunculi, with 5-6 
hairs. Legs dark with the middle portion of the tibiae pale yellowish, covered 
with very numerous and long hairs which on the hind tibiae are up to twice 
maximum diameter of that tibiae; first tarsal joints with 3, 3, 2 hairs; empodial 
hairs much shorter than the claws. 














Colour. Unknown to me. 
Mensuremente i in mm. 
— — = — = — — a — ee a 
| Leneth | | re rae _ Ant. segments 
No body | Ant. | Siph. Cau. 
| III | IV V VI 
Ban 1.43 0.97 0.22 0.11 0.20 0.11 | 0.13 | 0.09 + 0.32 
| ut hae 1.12 0.29 0.13 0.24 0.14 0.14 | 0.10 + 0.36 
. nl 1.45 0.95, _ 0.22 0.12 0.19 0.11 0.13 0.10 + 0.31 











(1, from Carex sp., Acadia Forest Expt. Station, New endl 6-VIII-1957; 2-3, from Scirpus atrocinctus, locality 
and date as before; leg. D. Harmsen). 
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Alate viviparous female. 

Much like the preceding, but head and thorax dark sclerotic. Hairs rather 
scarce per segment, only about 8-14 hairs present on abd. tergites I-V; VIlIIth abd. 
tergite with 3-4 hairs. Marginal tubercles on abd. segments II-IV irregularly 
present. IIIrd abd. segment with about 7 rhinaria. Siphunculi more cylindrical. 
Forewings with the media once branched. 


Colour unknown to me. 


Measurements: Length of body: 1.77 mm.; ant.: 1.10 mm.; siph.: 0.15 mm.,; 


si . 0.28; 0.13; 0.12; (0.07 + 0.37) 
rau.: U.1Z - Ant. s SS ale > 
cau mm n segmen BS Ill Iv Vv VI mm 


Rhin. on IIIrd ant. segment: 7 & 7. (From aphid trap, Escuminac, New Bruns- 
wick, 9-VII-1953, leg. M. E. MacGillivray). 

Notes. The species is easily recognizable by its numerous hairs in apterae 
which is typical for the genus (formerly subgenus) Paraschizaphis H.R.L., 1947, 
and by the few rhinaria, only on the IIIrd ant. segment in alatae. All other 
known species have rhinaria on segment IV and usually V as well. 


Holotype.—Apterous viviparous female, Acadia Forest Expt. Station, New 
Brunswick, 6-VIII-1957, on Scirpus atrocinctus Fern., leg. D. Harmsen. In the 
Canadian National Collection, Ottawa, Ontario. 


Paratypes.—1 aptera vivipara (data as for holotype) and 1 aptera vivipara, 
data as for holoty pe, but from Carex sp. In the author’s collection and in the 
Canadian National Collection, Ottawa, Ontario. 


Rhopalosiphoninus persimilis nov. spec. 
Oviparous female. : 

Body about 1.75-2.15 mm long, rather slenderly oval. Head, cauda, subanal 
plate and subgenital plate more or less darkly pigmented, ViIth and VIIIth abd. 
tergite slightly pigmented, the rest pale, apparently membranous, pale and 
structureless. Dorsal hairs blunt, the spinal ones on IIIrd abd. tergite about as 
long as basal diameter of IIIrd ant. segment, the 4 hairs on VIIIth abd. tergite 
little longer, more acute. No spinal or marginal tubercles visible. Head dorsally 
and ventrally rough by small spinules; the well developed, parallel to nearly con- 
verging, on inner side broadly, rounded frontal tubercles, conspicuously scaly, 
and with 5-7 hairs. Antennae about as long as body, with darkened, dorsally 
spinulose, ventrally scaly Ist segment; IIIrd segment with conspicuous, small 
scales, with one flat rhinarium near base; processus terminalis about 34-4 times 
base of VIth segment. Hairs on IIIrd segment numerous (e.g., 22-24), up to 
nearly as long as basal diameter of that segment. Rostrum reaching the hind 
coxae; last segment about as long as 2nd joint of hind tarsi, with 2 hairs besides 
the 3 subapical pairs. Siphunculi about 1/4-2/7 length of body, dark with the 
base and very apex darker, with basal 4% more or less cylindrical, from here on 
strongly swollen just past their middle, where the maximum diameter is about 
24%-2¥, times the minimum diameter near base, and from there decreasing in 
width just before the flange, where in the slight constriction they are little 
thinner than near base; flange conspicuous, rather large; surface of stem faintly 
longitudinally striated, near the apex with about 4 transverse striae. Cauda 
elongated triangular, blunt, about 4% of the siphunculi, with 5 hairs. Legs not 
much pigmented, rather long, with scaly femora; first tarsal joints with 3, 3, 3 or 
3, 3, 2 hairs; hind tibiae hardly or not incrassate, with about 14-16 pseudosensoria, 
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scattered in small groups on basal half. Subgenital plate with 9 hairs besides those 
along posterior margin, evenly pigmented. 


Measurements: Length of body: 1.79 mm.; ant.: 1.78 mm.; siph.: 0.49 mm.; 


0.49; 0.31; 0.22; (0. 14 + 0.55) , 
cau.: 0.16 mm. Ant. segments: : . ——_— mm. Rhin. on 
il IV \ VI 
IlIrd ant. segment: 1 & 1. (From beetle trap, Indian House, Quebec, 19-VIII-1954, 
leg. W. R. Richards.) 


Alate viviparous female. 


Head and thorax black sclerotic; abdomen with rather small, roundish dark 
marginal sclerites, a large darkish trapezoid central sclerite from anterior margin 
of tergite III (or, if fused with the band across tergite II: from anterior margin of 
tergite II) to posterior margin of tergite VI with laterally thick extensions around 
intersegmental sclerites; VIIth and VIIIth tergite with paler sclerotic bands. 
Head nearly only on and near the frontal tubercles rough. Antennae dark, with 
the flagellum rather less scabrous than in oviparae; IIIrd segment over its whole 
length with about 8-11 hardly elevated, rather flat rhinaria in a row; processus 
terminalis 4-5% times base of VIth segment. Siphunculi hardly more slender 
than in oviparae, but with slightly thinner stem. Cauda as in oviparae. Legs 
rather dark, with pale bases to the femore. Wings with normal venation, the 
veins rather heavy, the basal vein slightly bordered with brown. Other charac- 
ters more or less as in oviparae. 


Measurements in mm. 


























Ant. segments 
Length | Rhin. |_ 
No. body | Ant. | Siph.| Cau.| on III | 
| | | mm | ive} v VI 
OO DS | | — 
’ | 2.01 | 2.13 | 0.49 | 0.15 | 9 & 9 | 0.47 | 0.41 | 0.30 | 0.13 + 0.64 
‘.. | 2.00 | 2.22] 0.48|0.16| 8 & 9 | 0.48 | 0.45 | 0.29 | 0.13 + 0.68 
ale | 2.21 | 2.19 | 0.51] 0.16 | 8 & 9 | 0.48 | 0.40 | 0.31 | 0.13 + 0.68 
Wee 2.15 | 2.38 | 0.46 | 0.17 | 10 & 11 | 0.54 | 0.47 | 0.37 | 0.16 + 0.66 
a 1.93 | 2.35 | 0.48 | 0.16| 8 & 9 | 0.53 | 0.45 | 0.32 | 0.13 + 0.73 
6. 2.23 | 2.31 | 0.52 | 0.18 | 10 & 11 | 0.51 | 0.46 | 0.32 | 0.14 + 0.67 
"4 | 


= = ——— a 











(1, from Mentha, Fredericton, sews Brunswick, 25-VII-1951, leg. P. B. Spicer; 2, from trap, Fredericton, New Brunswick, 
5-VII-1954, leg. M. E. MacGillivray; 3-5, from yellow trap, Fredericton, New Brunswick, leg. M. E. MacGilivray; 3, 
13-VII-1954; t 27-VII11-1954; 5, 19-VIII-1955; 6, from beetle trap, Indian House, Quebec, *io-VI1i-1954, leg. W. R. 
Richards). 


Notes.—An aptera and an alata, caught in a beetle trap sent to me by Dr. 
Richards for identification, were received at about the same time when Mrs. 
MacGillivray sentalatae collected from Mentha. Several more alatae, caught in 
aphid traps, were received later. From the frequency of the catches it would 
seem that the species is not rare, and from the catches one would surmise that it 
lives at or below soil level. 


The aphid is very closely related to the European Rhopalosiphoninus 
staphyleae (Koch) subspecies tulipaellus (Theob.), which according to F. P. 
Miiller (1955) produces sexuales on Labiatae (i.c., Lamium). The main difference 
is in the length of the hairs on body and especially antennae, which in subsp. 
tulipaellus are at most % basal diameter of IIrd ant. segment. The stem of the 
siphunculi is shorter, and they are somewhat more swollen in the new species. 
The idea that persimilis was perhaps a subspecies of staphyleae Koch, introduced 
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from Europe could not be confirmed, for such long haired specimens are not 
known from Europe. 

I want to thank the two senders for their kindness in letting me describe the 
available material. 


Holotype.—Alate viviparous female, Fredericton, New Brunswick, 
25-VII-1951, on Mentha sp., leg. P. B. Spicer. In the Canadian National Collec- 
tion, Ottawa, Ontario. 


Paratypes.—1 aptera vivipara and 1 alata vivipara, Indian House, Quebec, 
19-VIII-1954, from beetle trap, leg. W. R. Richards and 4 alatae viviparae, 
Fredericton, New Brunswick, 5-VII-1954, 13-VII-1954, 27-VIII-1954 and 
10-VIII-1955, all from aphid traps, leg. M. E. MacGillivray. In the author’s 
collection and in the Canadian National Collection, Ottawa, Ontario. 


Toxopterella nov. gen. 

Typus generis: Toxopterella canadensis nov. spec. Head without frontal 
tubercles. Antennae in fundatrices of 5, perhaps sometimes of 6 segments, in 
alatae of 6 segments. Dorsum in fundatrices and nymphal alatae extremely 
hairy, with more than 75 hairs on each of the anterior 4 abd. tergites, not sclerotic 
in apterae and not with a sclerotic patch on abdomen in alatae. Siphunculi 
normal. Cauda very short, as in Nearctaphis Shaposhnikov, 1950 and related 
genera. Hind tibiae in larvae and adults with soundpegs as in Toxoptera, in 
larvae also with many spinules on the dorsal side of distal half. First tarsal joints 
with 2 hairs. Media in the forewings usually once branched. 


Notes. This genus seems to belong near Nearctaphis Shaposhnikov and 
Anuraphis del Guercio, but it has certain characters in common with Myzus 
Pass., e.g., the spinules on the outside of the hind tibiae on distal half in nymphs, 
a character also found in several genera living on mosses. It is the only known 
genus besides Toxoptera Koch, 1856 that has distinct soundpegs on the hind 
tibiae, especially in apterous forms (fundatrices, larvae). By this combination of 
characters it can easily be recognized. 


Toxopterella canadensis nov. spec. 
Fundatrix (description from two specimens). 

Body broadly oval, about 2.15-2.77 mm long. Tergum leathery, not 
sclerotic, with only the head, stigmal plates, cauda, subanal and subgenital plate 
blackish pigmented. Dorsal integumentum extremely densely covered with 
spinules which are often fused into incisor-like structures with a serrated apex; 
the spinules are higher than their basal width and have a rounded apex. Dorsal 
hairs extraordinarily numerous, very fine, on IIIrd abd. tergite about 24%-2Y, 
times basal diameter of IIIrd ant. segment; abd. tergites I-V each with more than 
100 hairs. No marginal or spinal tubercles present. Front nearly straight to 
slightly concave. Antennae of 5 segments, %-% length of body, brown to 
blackish, with Ist segment darker, ventrally and on inner side spinulose, the rest 
spinulosely imbricated but apicad normally imbricated; processus terminalis 
pointed; interrelations of segmental lengths vide measurements; primary rhinaria 
normal, rather small. Hairs on antennae not at all numerous, e.g., [Vth segment 
with 3-6 hairs; hairs on segment III 144,-2% times basal diameter of the segment, 
sometimes with very fine, hardly visible apices. Rostrum reaching to just past 
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middle coxae; apical segment normal, about 1% times as long as the short 2nd 
joints of hind tarsi, with 2-4 hairs besides the 3 apical pairs. Siphunculi black, 
about % length of body, very thick, tapering, curved inwards near base, slightly 
dilated towards the almost flangeless apex, densely covered with spinules in trans- 
verse rows. Cauda rather triangular, about half as long as its basal width, with 
several hairs (can not be counted in the available specimens). Subgenital plate 
with many hairs on its disc. Legs rather short, brownish to blackish with the 
middle portion of the tibiae pale, their apices darker; femora dispersely spinulose, 
with hairs like the antennae; tibiae with spiny hairs and here and there a long fine 
hair, the hind tibiae on their inner side between the normal hairs with an ir- 
regular row of about 9-11 thick soundpegs, which are little longer than thick, 
with usually distinctly bifid apices; first tarsal joints all with 2 hairs which stand 
far apart. 


Measurements in mm. 


Ant. segments 


Length 7 a ee ie a 
No. body Ant. Siph. Cau. 
Ill IV V 
"’ 2.77 | 1.23 | 0.43 | 0.09 | 0.43 | 0.22 | 0.18 + 0.26 
2 ye 1.21 0.33 0.10 0.45 0.22 | 0.15 + 0.22 








(1, from Crataegus sp., Ottawa, Ontario, 20-V-1957, leg. W. R. Richards; 2, from Crataegus sp., Fredericton, New 
Brunswick, 24-V-1957, leg. G. B. Anderson and M. E. MacGillivray). 


Alate viviparous female (2nd generation). 

Body about 1.60-2.00 mm long. Head and thorax blackish sclerotic, 
abdomen membranous with rather dark intersegmental sclerites, vaguer marginal 
sclerites and a number of very small, slightly pigmented sclerites at the bases of 
hairs that are placed in transverse rows (per segment); these scleroites on tergites 
V-VIII tend to form narrow, caudad broader, transverse bars. Dorsal hairs 
quite different from those in fundatrices, short, spiny to blunt, only about half 
basal diameter of IIIrd ant. segment, and only about one fifth as numerous as in 
the fundatrix (e.g., Vth abd. tergite with 24 hairs!). Antennae blackish, 
7/8-1 1/20 length of body, normally imbricated; for interrelation of segments vide 
measurements; IIIrd segment with about 25-42, transversely oval, bulging, tuber- 
culate, rhinaria, confined to about half its circumference; [Vth segment with 
15-28, Vth segment with 10-19 similar rhinaria; primary rhinarium on Vth seg- 
ment with 10-19 similar rhinaria; primary rhinarium on Vth segment extremely 
large, rectangular, wider than half the circumference of the segment and about 
as long as its width or longer; also primary rhinarium on VIth segment large, 
but rather smaller than that on Vth segment. Antennal hairs like those on body. 
Siphunculi 1/10-1/9 length of body, rather dark, straight, rather thin, gradually 
tapering from base till just before the apex where they more or less suddenly 
widen trumpet-like, without distinct flange; surface rather superficially imbricated 
with dentated scales. Cauda about 1% times as long as its basal width, finger- 
tip-shaped, with 5 hairs. Soundpegs on hind tibiae less distinct than in funda- 
trices, merely 4-7 thick blunt hairs of 0.008-0.0130 mm., amongst spiny hairs of 
double that length; first tarsal joints with 2 hairs. 
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Measurements in mm. 











Rhin. on segments Ant. segments 





No. | body | Ant. | Siph. | Cau. 

















} | 
Ill IV \ | Ill 
“| | } | 

1.72 | 1.64 | 0.19 | 0.07 | 31. & 31| 25&19| 14 & 13 | 0.32 0.23 | 0.26 0.16 +0 
1.79 | 1.80 | 0.18 | 0.07 | 37 & 32 | 19 & 20| 15 & 15 | 0.36 | 0.24 | 0.28 | 0.18 + 0 
1.94 | 1.88 | 0.21 | 0.07 | 33 & 39 | 20 & 20| 17 & 15 | 0.39 | 0.29 | 0.32 | 0.17 + 0 
1.73 | 1.68 | 0.18 | 0.06 34 & 34 | 23 & 17 | 14 & 13 | 0.35 0.23 | 0.26 | 0.16 + 0 

} | | | | 





(1-4, from Crataegus sp., Fredericton, New Brunswick, 24-VI1I-1958, leg. G. B. Anderson). 





Nymphs. 

Two kinds of nymphs are available. Two specimens with antennae like 
fundatrices and thick siphunculi have a thin integumentum, and therefore the 
dorsal papillae are not very well visible, although the head is much granulated, 
thin dorsal hairs are sparse and short. Other nymphs with wingpads have the 
integumentum and the hairiness of fundatrices. 


All nymphs have both the femora, and the outer side of the hind tibiae 
spinulose; the two nymphs with short antennae have also some spinules on basal 
¥%, of the other tibiae. 


Notes. I describe this species at the request of Dr. W. R. Richards and Mrs. 
M. E. MacGillivray, as neither wanted to be credited with the discovery of its 
peculiarities. They independently sent fundatrices to me for information, in the 
same year. The species rolls the leaves of Crataegus sp. and seems to migrate 
to another host plant in the 2nd generation, as at.that time only alatae are found. 
One cannot even guess what the exules look like. They should have two hairs 
on the first tarsal joints. Confusion of alatae with those of Nearctaphis crataegi- 
foliae (Fitch) is excluded when the primary rhinaria are considered. 


A single alata was caught in a trap 6 miles from Fredericton, New Bruns- 
wick, 24-VII-1958. 

Holotype.—1 alata vivipara, Fredericton, New Brunswick, 24-VII-1958, on 
Crataegus sp., leg. G. B. Anderson. In the Canadian National Collection, 
Ottawa, Ontario. 


Paratypes.—1 fundatrix, Ottawa, Ontario, 28-V-1957, on Crataegus sp., leg. 
W. R. Richards, 1 fundatrix, Fredericton, New Brunswick, 24-V-1957, on 
Crataegus sp., leg. G. B. Anderson and M. E. MacGillivray, 12 alatae viviparae, 
data as for holotype and 2 alatae, Fredericton, New Brunswick, 11-VII-1958, on 
Crataegus sp., leg. G. B. Anderson. In the author’s collection and in the Can- 
adian National Collection, Ottawa, Ontario. 
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Notes on Some Natural Enemies of Utah Black Flies 
(Diptera: Simuliidae) 


By B. V. Pererson 


Entomology Laboratory, Research Branch, 
Canada Department of Agriculture, Guelph, Ontario 


Immature and adult black flies are often victims of various predatory or 
parasitic organisms. Observations on certain of these organisms were made in 
Utah over a period of several years, and are presented below to stimulate further 
interest in the natural enemies of the Simuliidae. 


Predators 
Various predatory organisms occur in or near the streams in which the im- 
mature stages of black flies are found. Conspicuous among these are the larvae 
of caddisflies and beetles, adult empidids and dolichopodids, spiders, and fish. 


Trichoptera 

Probably the most important insect predators of simuliid larvae in Utah are 
larvae of Hydropsyche (Hydropsychidae) and Rhyacophila (Rhyacophilidae). 
Larvae of Arctopsyche (Hydropsychidae), Brachycentrus (Brachycentridae), 
Chimarra (Philopotamidae), Polycentropus? (Psychomyiidae), and various 
Limnephilidae also were noted to feed on black-fly larvae (Table I). 

Predaceous species of Hydropsyche and Rhyacophila were collected mainly 
from the riffles and rapids where most black- fly larvae were found, although oc- 
casionally they were associated with species that preferred the slower flowing 
portions ‘of the streams. These caddisfly larvae found shelter under, or in cracks 
of, materials that served as attachment sites for the simuliid larvae. A typical 
example of predation was observed on April 21, 1956, when two larvae of 
Rhyacophila were seen feeding on large larvae of Simulium (E.) sp. A (a species 
which will be described as new) attached to a blade of trailing grass in a small 
stream two miles west of Parley’s Canyon summit, Salt Lake County. Another 
larva of Rhyacophila was observed to devour three small simuliid larvae before 
it was collected. 

Peterson and Davies (1960) recorded the caddisfly predators of black-fly 
larvae in Algonquin Park, Ontario, and cited similar reports by other authors. 


Coleoptera 

Aquatic beetle larvae occasionally were observed to prey on simuliid larvae. 
On May 14, 1954, larvae of Cymbiodyta sp. (Hydrophilidae) and Agabus sp. 
(Dytiscidae) were found feeding on larvae of Simulium piperi Dyar and Shannon 
and S. vittatum Zetterstedt, in a small stream three miles north of the Dewey 
Bridge, Grand County. The Agabus larvae were by far the more active and 
voracious predators; and two of them consumed four and eight simuliid larvae 
respectively within a fifteen-minute period. 

On May 27, 1956, a larva of the hydrophilid Anacaena limbata (Fabricius) 
fed on larvae of Simulium vittatum in a fine trickle of water flowing over the top 
of a beaver dam in Red Butte Canyon, Salt Lake County. 

Larvae of an apparently aquatic staphylinid, and adults of several species 
of Elmidae have been collected in close association with black- -fly larvae but 
were not seen to attack them. Crisp (1956) noted that elmid beetles had little 
or no effect on Simulium \arvae of the Gold Coast. 

Emery (1913) referred to a small carabid beetle feeding on black-fly larvae 
that had been removed from the water, and Baranov (1938) mentioned that 
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Gyrinus natator Linnaeus was a predator of Simulium colombaschensis Fabricius 
in Europe. 


Hymenoptera (Formicidae) 

Ants were observed to prey on black-fly larvae only a few times, and 
published records of such predation are few (Crisp, 1956; Peterson and Davies, 
1960). 

Only once were ants observed in the act of capturing their prey. This was 
on July 13, 1956, along the banks of Beaver Creek, near Kamas, Summit County. 
Several small ants, Myrmica brevinodis Emery, were seen to grasp and pull from 
the water small larvae of Simulium petersoni Stone and DeFoliart, which were 
attached to rocks in the shallow water along the edges of the stream. On two 
other occasions ants were found with black-fly larvae in their mandibles. A 
specimen of Formica obscuripes Forel with a larva of Simulium tuberosum 
(Lundstrém) was collected on May 5, 1954, on the bank of a small stream in Red 
Butte Canyon. On the morning of June 9, 1956, a large specimen of Formica 
fusca Linnaeus, with a larva of Simulium tuberosum in its mandibles, was col- 
lected on the bank of the Strawberry River, Wasatch County (Fig. 1). A 
specimen of Formica neorufibarbis Emery holding a tendipedid larva was col- 
lected from the edge of a tiny stream three miles north of the Dew ey Bridge, 
Grand County, May 14, 1954. 

Judging from these observations and those reported by Peterson and Davies 
(1960), Simuliid predation by ants is more common than had been previously 
suspected. 


Diptera 

The author has occasionally seen empidids attacking black flies in Utah. 
Two instances were noted while adult black flies were in combined mating and 
apt age swarms over the head waters of the Provo River just below Tryol 

Lake, Summit County, at an elevation of 10,050 feet. The first occurred at 
2.30 p.m. on September 11, 1956, when thousands of females and males of 
Simulium arcticum Malloch flew up and down along the shaded portions of the 
river. One female of Platypalpus puerinus Melander and one male of Clinocera 
nr. trunca Melander, each grasping a gravid black-fly female, were netted from 
the swarm. Several females of Metachela collusor Melander were collected 
under similar circumstances on September 1, 1957. One female had its legs 
around the thorax of a Simulium arcticum female, a considerably larger insect, as 
if it were riding its intended prey “piggy-back”. Another female of Metachela 
collusor held in its legs the remains of the thorax and legs of a simuliid female. 

On May 14, 1954, three miles north of the Dew ey Bridge, Grand County, 
males of Clinocera (Hydrodromia) binotata Loew crawled over small rocks 
which were covered by a trickle of water and had a few larvae of Simulium 
piperi attached to them. These empidids probed about, apparently trying to 
grasp the simuliid larvae. The black-fly larvae responded either by curling up on 
the rocks or by releasing their hold and drifting downstream on silken anchor 
threads. 

Similar observations were made on two other occasions. The first occurred 
on April 7, 1956, in Red Butte Canyon, where females of Neoplasta scapularis 
(Loew) crawled about and probed at larvae of Simulium piperi which were at- 
tached to trailing grass blades. The second instance occurred on June 27, 1958, 
at Beaver Creek, near Kamas. Here adult males of Rhamphomyia (Para- 
rhamphomyia) sp. probed about on rocks where larvae and pupae of Simulium 
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Fig. 1. The ant Formica fusca with its prey, a larva of Simulium tuberosum. 

Fig. 2. An immature mermithid worm, Hydromermis sp., leaving the body of a larva 
of Simulium arcticum. 

Fig. 3. A larva of Simulium arcticum parasitized by an immature mermithid worm, 
Hydromermis sp., showing the transparent condition of the body resulting from the lack of 
muscle tissue. 

Fig. 4. A mermithid worm, Hydromermis sp., in the abdomen of a Simulium arcticum 
female. 

Figs. 5, 6. Protozoa, Thelobania sp., in larvae of Simulium piperi (Fig. 5), and S. 
arcticum (Fig. 6) showing the granular appearance of the infected larvae. 
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tuberosum and S. petersoni were attached. To all appearances these flies were 
seeking the simuliid larvae as prey. Even if this were not the case, the empidids, 
in all three instances, disturbed the black-fly larvae enough to cause them to curl 
up on the rocks or migrate downstream. “Wirth (1956) observed adults of the 
genus Wiedemannia dragging simuliid larvae from the water’s edge in swift 
streams of the Sierra Nevada Mountains in California. 

Only one dolichopodid was observed to prey on a black fly. On the morn- 
ing of September 1, 1957, at Lost Lake, Summit County, at an elevation of 9,950 
feet, a female of the long-legged fly Hydrophorus algens Wheeler, was collected 
with a battered female of Simmulium aureum Fries held in its legs. This oc- 
currence was unusual because it took place in the early morning while a light 
snow covered the ground, and the air temperature was 38° F. According to 
Williams (1939), adults of the Hawaiian species Hydrophorus pacificus Van 
Duzee feed on bloodworms or tendipedid larvae, which they pull from the mud 
of wet shores. 

Males of the dolichopodid Neurigona albospinosa Van Duzee were fre- 
quently netted from simuliid swarms, but none were observed to take prey. On 
several occasions, males and females of the rhagionid Chrysopilus tomentosus 
Bigot, which are supposedly predaceous, were collected flying in swarms of adult 
black flies, but again none were observed to take prey. 


Other Predators 

Adult black flies often are the victims of spiders or spider webs. Several 
species of spiders are common near the edges of streams and their webs can be 
found on vegetation, in culverts, under bridges and on other objects on which 
black flies rest near streams. 

A number of authors have commented on the value of fish as predators of 
immature and adult simuliids; the reports include those of Emery, 1913; Jobbins- 
Pomeroy, 1916; Edwards, 1920; Cameron, 1922; Baranov, 1937; Twinn, 1939; 
Ide, 1942; Marlier, 1952; Dalmat, 1954, 1955; Hocking and Pickering, 1954, 
Nielsen, Ringdahl and Tuxen, 1954; and Wolfe and Peterson, 1959. In April 
1952, a small school of rainbow trout, Salmo gairdneri Richardson, voraciously 
fed on simuliid larvae attached to small, loose rocks that formed a series of 
shallow rapids in Red Butte Canyon. 


Parasites , 

Four groups of organisms were found to be parasitic on various life-history 
stages of black flies. Simuliid larvae were infected by protozoa and nematodes; 
pupae were parasitized by nematodes, mites and a hymenopteran; and black-fly 
adults were hosts to nematodes and mites. 


Protozoa 

Larvae of eight species of black flies were infected by species of Micro- 
sporidia of the genus Thelohania. Dr. Steinhaus, who examined this material, 
mentioned (in litt., 1959) that Dr. J. Weiser, in Czechoslovakia, is preparing a 
monograph of these protozoa, and that species identifications would be better 
held until the appearance of Dr. Weiser’s paper. Consequently, a discussion on 
these protozoa will be published at some future date. 


Nematoda (Mermithidae) 

Mermithid worms of the genus Hydromermis were found infecting larvae 
of nine species of black flies (Table II). Unfortunately, all of the mermithid 
specimens collected were immature forms, and since the diagnostic characters 
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Summary of Utah black-fly larvae parasitized by mermithid worms of the genus Hydromermis. 


Species and distribution 





Prosimulium exigens 
City Cr. Can., Salt Lake Co. 
Weber Can., Morgan Co.. . 


Simusium arcticum 
Huntington Can., Emery Co. 
Provo Riv., Provo Can., Utah Co.. . 


Provo Riv., Deer Cr. Res., Wasatch Co.. 


Provo Riv., Utah Co....... 

Provo Riv., Vivian Park, Utah Co. 
Deer Cr., Wasatch Co........... 
Mouth Millcreek Can., Salt Lake Co. 
Carter Cr., Uinta Co..... 

Kanosh, Millard Co... . 

San Pitch Riv., Sanpete Co. ; 

Santa Clara Riv., Washington Co. 
Brighton, Salt Lake Co... . A, 
Big Cottonwood Can., Salt Lake Co. 


Simuiium argus 
Beaver, Beaver Co... . 


Simulium aureum 
Brighton, Salt Lake Co... . 
East Can., Sammit Co. 
Mouth Echo Can., Summit Co. 


Simulium defoliarti 
Logan Can., Cache Co.. 


Simulium piper 
Above Wildwood, Wasatch Co.. 
San Pitch Riv., Fairview, Sanpete Co. 
Brighton, Salt Lake Co... .. 
East Can., Summit Co... 
Mouth Echo Can., Summit Co. 


Simulium tuberosum 
East Can., Summit Co. 
Chalk Cr. Can., Summit Co. 


Simulium virgatum 
West Hickman Can., Tooele Co... 


Simulium vittatum 
Wallsburg, Wasatch Co.. 
Moyles Pond, Salt Lake Co. 
Movles Pond, Salt Lake Co. 
Beaver, Beaver Co... . 
San Pitch Riv., Fairview, Sanpete Co. 
Salt Lake City, Salt Lake Co.. 
Salt Lake City, Salt Lake Co.. 
Brighton, Salt Lake Co... 
Deckers Lake, Salt Lake Co.. 








No. 
Date larvae 
inspected | 

2-V-56 2 
23-V-58 122 
I-IX-45 1 
9-VII-47 76 
17-VII-47 83 
17-VII-47 9 
5-1 X-47 235 
5-1 X-47 119 
27-VII-53 70 
27-VIII-53 10 
20-VI-54 191 
24-VI-54 428 
18-III-56 83 
19-VII-56 75 
27-VII-56 1 
21-VI-54 174 
19-VII-56 122 
1-VII-56 1 
10-I 11-57 2 
18-VI-58 181 
15-IX-46 12 
24-VI-54 7 
19-VITI-56 215 
1-VIII-56 976 
10-ITI-57 14 
1-VITI-56 584 
15-VI-58 76 
1-VII-54 19 
21-1 X-47 39 
?-X-48 4 
16-X-48 29 
21-VI-54 30 
24-V1-54 15 
15-VIII-54 121 
31-VIII-55 58 
19-VIT-56 110 
15-X-57 9 





No. 
| larvae 
infected 
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used in the taxonomy of the mermithids appear only in the adult forms, specific 
identifications could not be made. 

The life histories of mermithids that parasitize black flies are incompletely 
known. Strickland (1911) suggested that the egg or young nematode was 
ingested, the worm then passed into the alimentary canal of the simuliid larva 
and bored its way into the body cavity. His alternative hypothesis was that the 
larval worm bored into its host through the cuticle of the abdomen. According 
to Welch (in litt., 1959), the newly hatched worm is more likely to pierce the 
cuticle of the young simuliid larva with a stylet to enter the body cavity. After 
development, the worm usually bores out of the simuliid larva at about the same 
time as the non-infected larvae start to pupate; it then commences a free living 
existence, matures, mates, and oviposits (Fig. 2). 

Welch (1959) stated that the free-living stages of the worms are carried 
downstream after they emerge from the simuliid larvae. Thus, a black-fly 
population in a stream should ultimately be rid of its mermithid parasites. A 
few worms are carried over into some of the adult black flies and these worms, 
when ready, bore out of the adults and drop into the stream. It has been 
observed that certain black- fly species which oviposit on dams, into waterfalls, 
or just below dams or waterfalls, tend to migrate upstream to oviposit. This 
would provide a mechanism for the mermithids to be maintained in the black-fly 
population of the stream. Other black-fly populations as well would be subject 
to parasitism by the infiltration of infective larvae from parasitized populations 
upstream. 

Strickland (1911, 1913) stated that the mermithid worms retarded the 
development of the pupal and adult histoblasts of the simuliids and caused larvae 
to die when the worms escaped through the body wall. However, Wu (1931) 
collected two female black flies that were parasitized by nematodes, Grunin 
(1949) found nematode worms in males and females of Prosimulium hirtipes 
(Fries), Hocking and Pickering (1954) found nematode worms in females and 
a pupa of Simulium venustum Say, and Davies (1958) found the immature and 
adult stages of several black-fly species infected by mermithids. The author 
found simuliid larvae which were almost completely ‘void of living muscle tissue. 
The cuticle of such larvae was colorless and transparent, and both the alimentary 
tract and the worm were clearly visible (Fig. 3). Other larval specimens were 
little affected by the worms except for the retarded development of the histo- 
blasts. Undoubtedly, both types of larvae ‘would die after the escape of the 
worms from their body cavities, and their respective bodily conditions are prob- 
ably related to the time of larval infection, i.e., the earlier the infection, the 
greater the eventual damage to the larvae. On the other hand, parasitized larvae 
may show no apparent harmful effects due to their parasites, and pupate and 
reach the adult stage with the mermithids being carried through each stage 
(Fig. 4). However, all such adult simuliids that were examined were found 
to be completely castrated. Such cases may be due to the infection of mature 
or nearly mature larvae, the dev elopment of the worms apparently not interfering 
with maturation of the adult black flies. On September 11, 1956, over the head 
waters of the Provo River, approximately 200 parasitized males and females of 
Simulium arcticum were collected flying with mating and ovipositing flies. All 
of the parasitized adults were completely castrated, many appeared to have no 
living tissue at all left in the abdomen, and some showed an abnormal development 
of the claws. A number of both sexes had immature worms which were in 
various stages of being extruded from the anal orifice. Similar observations were 
made by Grunin (1949), and Davies (1958). 
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Mermithid worms generally leave the abdomen of the adult black fly 
through regions near the anus. A few instances were noted when worms 
emerged from the anterolateral portions of the abdomen, and one was found 
partially emerged from the dorsum of the abdomen of a female black fly. 


Acarina (Mites) 

Mite parasites on black-fly pupae and adults were not commonly encounter- 
ed. However, a few mites were found on pupae of Simulium arcticum, S. argus, 
and S. piperi. The only adult hosts were females of S. arcticum. Unfortunately, 
identifications of these mites could not be obtained at this time. A more detailed 
account of these black-fly parasites will be published at a later date. 


Hymenoptera 

In April 1952, a male of a small hymenopteran parasite of the genus Tele- 
nomus (Scelionidae) emerged from an individually reared female of Simulium 
arcticum. The simuliid female died during emergence from its pupal skin, and 
as the specimen was being examined the parasite emerged from the abdomen of 
the fly. According to Mr. C. F. W. Muesebeck (in litt., 1959) the hymenopteran 
is apparently an undescribed species of the Telenomus basalis Wollaston group, 
and all species of this group whose habits are known, are parasitic in the eggs 
of Hemiptera. 

To the writer’s knowledge this is the first North American record of a 
hymenopteran parasite from a black fly, and the third ever to be recorded. 
Enderlein, in 1921, provided the first record from Europe when he obtained 
from Simulium aureum pupae the two braconids Ademon decrescens (Nees) and 
Grypocampa affinis (Nees). In 1952, Lewis found planidia larvae, apparently 
belonging to the genus Perilampus (Perilampidae), in adults of Simulium 
damnosum ‘theobald in the Sudan. : 
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Notes on the Water Beetles of Southampton Island in the Canadian 
Arctic (Coleoptera: Dytiscidae and Haliplidae)’ 


By Frank N. Younc 


Indiana University, Bloomington, Indiana 


Water beetles from the Canadian Arctic available in museums often lack any 
specific ecological data. In consequence, I was pleased to receive for study 
the specimens collected by Dr. D. G. Frey and Mr. J. B. Stahl on Southampton 
Island (Northwest Territories) while they participated in an expedition spon- 
sored by the Indiana Gear Works of Indianapolis, Mr. John Buehler, President. 
The beetles were collected during the period August 10 to 26, 1957, in connection 
with limnological studies and are accompanied by detailed notes on the habitats 
and associated organisms. I am especially indebted to Dr. Frey for allowing 
me to use and paraphrase his personal notes on the expedition. Mr. H. B. Leech 
of the California Academy of Sciences has kindly checked the determinations. 

Nearly 100 adults and larval water beetles are represented in the material. 
They were collected in two general areas: (1) near the Settlement of Coral 
Harbour at about 64° 8’ N, 83° 10’ W and (2) on the southwestern part of the 
island near an esker called “The Points” at about 63° 36’ N, 85° 4 W. The 
species represented and the specific records are as follows: 


Dytiscidae 
Agabus moestus Curtis (= nigripalpus Sahl.): (1) Near Cora! Harbor: Lake 
(S1) viii.10 (1 adult, 2 larvae?); Pond (S1-6) viii.l1 (1 ?); Large lake N. E. 
Coral Harbor S2) viii.ll. (1 adult, 1 larva?); Small pond (S3-1) viii.1l (1 
adult); Small pond (S5-1) viiill. (1 larva?); Large clear lake (S6) vili.ll (1 
adult); Pond (S17-2) viii.22. (1 ?); Lake near airstrip (S19) viii.23. (7 adults). 
(2) Near “The Points”: Large lake (S7) viii.23. (3 adults). Some soft, newly 
emerged adults; larvae large. Ref. Leech, 1939; Fall, 1922, 1926; Sherman, 1919. 


Agabus solus Leech: Near Coral Harbor: River about % mi. W. of settlement 
(S6a-4) viii.l4. (2 adults). Ref. Leech, 1949. 


Hydroporus (Suphrodytes) lapponum Gyll.: (1) Near Coral Harbor: Lake 
(S1) viii.10 (7 adults, 13 larvae); Small pond (S3-1) viii.11 (1 adult); Lake N. 
of Coral Harbor (S4) viii.11 (1 larva?); Small pond (SS5-1) viii.11 (1 larva?), 
Lake (S6-5) viii.21 (1 adult); Large clear lake (S6) viii.13 (1 adult); Lake 
(S6a-1) viii.13 (1 adult); Pond (S15-1) viii.21 (3 adults, 2 larvae); Small pond 
(S16-3) viii.22 (1 larva?); Large lake on top hill near airstrip (S18-1) vili.22 
(2 adults); Lake near airstrip (S19) viii.23 (10 adults); (2) Near “The Points”: 
Large lake (S7) viii.23 (4 adults); Small pond (S9-3) viii.15 (1 larva?, 2 larval 
exuviae?); North lake (S9-5) viii.l5 (1 adult). Some soft, newly emerged 
adults; larvae large. Ref. Fall, 1923. 


Hydroporus (s. s.) sp. cf. nigellus Mannh. Near “The Points”: Small lake with 
somewhat milky water and sedges around margin (S9-2) viii.15 (1 adult). 
Possibly nigellus but certainly not tartaricus LeC. Ref. Fall, 1923; Blair, 1933. 


Hydroporus (s. s.) subvirescens Fall: Near Coral Harbor: Flood plain pool along 
river W. of Coral Harbor (S6a-2) viii.14. (1 adult). Ref. Fall, 1923. 
Oreodytes sp. cf. obesus LeC.: Near Coral Harbor: River about 4% mi. W. of 
settlement (S6a-4) viii.l4 (15 adults). Ref. Fall, 1923; Hatch, 1933. 


1Contribution No. 679 from the Zoological Laboratories of Indiana University aided by National Science 
Foundation grant, G-2708. 
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Haliplidae 
Haliplus sp.: Near Coral Harbor: Small pool with sedges (S13-1) viii.21 (1 
small larva). Probably C. falli Mark, the only known haliplid of the region. 


All of these species except the last two are widely distributed in the Can- 
adian and Alaskan Arctic, and most of them are also recorded from or probably 
occur in the Old World Arctic. No Hydrophilidae or Helophoridae were 
collected. Southampton Island is probably north of the climatic limits of the 
members of these families, except possibly the unusual Helophorus arcticus Brown 
which seems to be only subaquatic. 


Frey and Stahl (1958) have reported the results of their studies of primary 
production in the shallow lake (S1) near Coral Harbor and the deeper lake 
(S7) in the southwestern part of the island. In regard to the general conditions 
they say: “The climatic regime at Southampton Island is much more severe than 
might be inferred from the latitude. In the Hudson Bay Region the isotherms 
are depressed strongly to the south, and as a result the northward limit of trees 
is located several hundred miles south of Southampton Island in the general 
vicinity of Churchill. The only ‘trees’ on the island are low scrubby or even 
prostrate willows, seldom as high as 1 m.” 


All of the situations in which water beetles were collected are in or sur- 
rounded by tundra. The situations in the vicinity of Coral Harbor are in an 
area of crystalline rock, but the alkalinity and hardness of the water is high. 
Frey believes that this is due to the generally calcareous drift and local outcrops 
of limestone. The lakes in the southwestern part of the island are in an area 
where Silurian limestones are exposed, but the water of the lake investigated 
(S7) is less alkaline and not so hard as that of the situations near Coral Harbor. 
Although many of the ponds and lakes are surrounded by the tundra peat which 
in places is eroding into the water no acid situations were found. The water 
beetles show no definite correlations with the differences observed in the 
qualities of the water. 

Most of the situations observed were relatively similar in vegetation, bottom, 
and general features. The water beetles, however, were not found at random, 
but tended to be concentrated in limited areas or portions of the larger situations. 
This “contagious” distribution doubtless reflects differences in biotic and physical 
conditions of the habitats rather than any tendency to aggregate. The beetles 
were usually associated with vegetation or rocky bottoms where presumably they 
found some protection or support, even though small fish were observed in only 
one of the lakes (S7) and probably occurred in the river. The clearest cor- 
relation seemed to be with the presence of other small organisms in the lenitic 
situations. 

All of the situations in which beetles were taken were also rather richly 
populated with various small crustacea, usually some insect larvae (caddises, 
mayflies, midges, or craneflies in various combinations), and often by aquatic 
mites and oligochaetes. No mosquito larvae were found in any of the situations 
possibly because of the lateness of the season. The other organisms collected 
are being studied, and the results will be reported later by Frey, Stahl, and 
others. In general, the predacious beetles and their larvae seem to represent 
the end of the food chains in nearly all the small pools, lake margins, and similar 
situations. Small fish did not seem to be important in most. Birds were observed 
feeding on flatworms in some pools near the coast, but were infrequently seen 
around the inland freshwater situations. Some shore birds such as the sand- 
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pipers, however, are known to feed on freshwater beetles and probably do so on 
occasion on the island. 


Agabus solus and Oreodytes sp. cf. obesus were taken only in the river near 
Coral Harbor. They were abundant in vegetation overhanging an undercut 
bank, larvae were not taken with the adults, and these species may breed in a 
different situation. Their occurrence in the patches of vegetation was probably 
due to a trapping effect of the current and possibly to predator pressure of small 
fishes. The record for A. solus represents a considerable extension of its known 
range. 

Agabus moestus and Hydroporus lapponum, in contrast, were found at the 
edges of lakes and ponds usually associated with emergent vegetation or rocky 
bottoms. They were observed by the collectors foraging over the bottom in 
shallow water and burrowing into it or hiding in gravel when disturbed. They 
apparently did not occupy small temporary pools from which other invertebrates 
were collected. 


Hydroporus sp. cf. nigellus ? was found only once near “The Points”. If 
it is similar in habits to H. tartaricus (with which nigellus has been synonymized), 
this species probably forages by burrowing in flocculent or semiconsolidated 
organic material on the bottom. H. subvirescens was also found only once in a 
small pool. Its appearance suggests that it forages among unconsolidated organic 
material as does H. tristis Payk. The single larva of Haliplus was taken in a 
peculiar small pool with sedgey peat along one bank and bedrock along the 
other. The bottom was of a crusty brown, flocculent material, and algae were 
probably present. 


Summary 


Collections of aquatic beetles made by D. G. Frey and J. H. Stahl on 
Southampton Island in the Canadian Arctic include seven species of Dytiscidae 
and one of Haliplidae, but no Hydrophilidae or Helophoridae. Most of the 
species are of wide distribution in the Holarctic region. Despite the relative 
uniformity of aquatic situations in the tundra on the island, the observations of 
the collectors indicate that the distribution of predatory beetles is not random, 
but that the adults and larvae are more concentrated in limited areas or portions 
of major aquatic habitats. Movement from one situation to another is probably 
frequent during the summer period, because the abundance of the adults and 
larvae at any given time seems to be correlated with presence of food organisms. 
No clear correlation with the composition of the water is evident; but the water 
was relatively hard and alkaline in all situations investigated. Other inverte- 
brates were found in all habitats in which beetles were collected, and the 
dytiscids apparently represent the end of the food chain. 


Agabus solus Leech and Oreodytes sp. cf. obesus LeConte were associated 
with running water, but restricted to areas protected by vegetation and over- 
hanging banks probably due to the trapping action of the current and pressure of 
vertebrate predators. Agabus moestus Curtis (= nigripalpis Sahl.) and Hydro- 
porus (Suphrodytes) lapponum Gyll., in contrast, were found at the edges of 
lakes and ponds associated with vegetation or among rock debris and foraging 
over the bottom into deeper water. Hydroporus (s. s.) sp. cf. nigellus Mannh., 
H. (s. s.) subvirescens Fall, and Haliplus sp. (larva only) were found in small 
pools of standing water, but in too small numbers to allow any generalization 
about habitat. 
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Record of Plutella maculipennis Curt. and some of its Parasites in 
Kashmir, India 


By F. J. Susmonps Anp V. P. Rao 


Commonwealth Institute of Biological Control 


The Diamond-back moth, Plutella maculipennis Curt., is a cosmopolitan pest 
of cabbage, cauliflower, radish, mustard and other cruciferous plants; according 
to Fletcher (1920) it is distributed throughout India, Burma and Ceylon. Dur- 
ing a recent visit to Kashmir the authors found this pest doing considerable 
damage to cabbage in vegetable gardens on the outskirts of Srinagar, and this 
appears to be the first record of this pest from the area. From a small collection 
of the caterpillars made, the authors have reared out the tachinid fly, Voria ruralis 
Fall., and the ichneumonid, Horogenes sp. A single specimen of Itoplectis sp. was 
also reared out, but this is likely to be a secondary parasite. Thompson (1946) 
has listed only Angitia fenestralis Hlgr. as parasitizing this species in India. Mani 
(1940) refers to Brachymeria excarinata Gahan and B. plutellophaga Girault as 
having been reared from pupae of the pest at Coimbatore. A careful search in 
India may reveal the presence of more parasites of this universal and important 
pest and their introduction into other countries might be helpful in its control. 


The authors are indebted to Mr. E. O. Pearson, Director, Commonwealth 
Institute of Entomology, London, for the identification of the pest and the para- 
sites reared out by them. 
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New Species of Polygrammodes and a Related New Genus 
(Lepidoptera: Pyralidae) 


By Eucene MuNROE 
Entomology Research Institute, Research Branch, Canada Department of Agriculture 
Ottawa, Ontario 


Polygrammodes zischkai, new species 

Body above pale yellow, abdomen with faint brown mid-dorsal and dorso- 
lateral spots; a vinous stripe in front of wing-base,; body beneath and legs whitish 
buff. Wings above ho paler distally on fore wing and costally on hind 
wing. Fore wing with faint indications of an arcuate, blackish-fuscous, broken 
antemedial band; orbicular represented by a black dot in cell; reniform obsolete; 
postmedial line strongly zig-zagged, interrupted at veins, preceded by black 
dashes in cells M, to Cu,; a subterminal row of brownish-fuscous spots between 
veins; fringe yellow; hind wing with interrupted, zig-zagged postmedial line, 
preceded by black dashes, as on fore wing; subterminal spots stronger than on 
fore wing; fringe yellow. Wings beneath whitish buff; costa of fore wing 
weakly infuscated; a fuscous dot-like orbicular and lunate reniform; no other 
markings. Expanse 67 mm. 

Holotype, female, Bolivia, Yungas del Palmar, 200 m., Feb. 10, 1945, R. 
Zischka, in adheres State Zoological Collection. 

This species is most closely related to P. koepckei Munroe but is distinguished 
by the larger size, more opaque wings, more strongly zig-zagged postmedial line, 
preceded by much longer cell dashes. The body of the type has unfortunately 
been seriously damaged by museum pests, but the species will be recognized 
without difficulty. 

Polygrammodes delicata, new species 
Figs. 2, 6 

Head above white; frons rather narrow, fuscous anteriorly and antero- 
laterally; proboscis reduced, palpi fuscous, labial palpus white at base beneath; 
eye dark fuscous; antenna buff; body and legs snowy white; a faint buff stripe 
from eye to base of fore wing; front tibia and distal parts of front tarsal joints 
fuscous. Wings above white, faintly marked with greyish-fuscous lines; fore 
wing with costa narrowly greyish fuscous; antemedial line narrow, oblique out- 
ward to Cu, then erect, fading before posterior margin; a blackish-fuscous disco- 
cellular bar; postmedial line erect and slightly irregular to M,, there offset distad 
and again irregularly erect to Cu,, then strongly offset basad and irregularly 
erect to posterior margin; an irregular, broken, subterminal line; fringe white. 
Hind wing with faint traces of postmedial line, erect to M,, slightly offset distad, 
again erect to Cu,, then offset basad and erect to anal margin; a broken sub- 
terminal line parallel to margin; fringe white. Wings beneath shining white, 
immaculate. 

Male Genitalia. Uncus weakly expanded, spinose nearly all round; vinculum 
with a dorsal flange; valve angulate, preapically ligatured, outer margin weakly 
excavated, ventral angle distinct, clasper rather long and slender; penis rather 
short, with a long slender cornutus. 

Holotype, male, two male paratypes, Esmeraldas, San Mateo, Ecuador, Aug. 
28 and 30, 1956, J. Forster. Holotype and allotype in Bavarian State Zoological 
collection, paratype in C.N.C., type No. 6936. 


Polygrammodes lauei, new species 
Figs. 3, 7 
Frons brown, flat, somewhat tufted in front; vertex brown; palpi dark brown, 
labial palpus white at base beneath; antenna with basal segment white, brown 











280 THE CANADIAN ENTOMOLOGIST April 1960 





Figs. 1-5. 1, Polygrammodes zischkai; 2, P. delicata; 3, P. lauei; 4, P. mimetica; 5, Poly- 
grammopsis forsteri. 


above, shaft buff; proboscis white; occiput white; eye fuscous, with darker spots; 
thorax above buff, with extensive white intermixture; abdomen above light brown, 
with paired dorso-lateral, oval, white spots anteriorly on each segment; body 
beneath white with some buff scaling; legs brown. Wings above greyish white, 
somewhat diffusely marked with light brown, fore wing with costa brown to cell 
and R,; a diffuse sub-basal band; antemedial line weakly oblique distad to Cu, then 
weakly oblique basad to behind 2nd A, then excurved to posterior margin; 
orbicular a spot and reniform a bar, both connected to costal shade; postmedial 
line weakly oblique inward to M,, then offset outward nearly in line with anterior 
part of subterminal line, then scalloped to Cu,, strongly inset and straight to 
margin; a shade in base of cells M,, M, and Cu,; subterminal line indistinct, offset 
outward in cells M,, M, and Cu,; a brown terminal line preceded by diffuse 
shading; fringe light brow nish fuscous. Hind wing above with a w eak brown 
discocellular bar; postmedial line weak, erect to M., then offset distad and erect 
to Cu,, then strongly inset and straight to near anal margin; subterminal line 
weak, straight from costa near apex to Cu,, very near termen, then inset to form 
a line with middle segment of postmedial line; terminal line and fringe as on 
fore wing. Wings beneath as above, but with basal markings of fore wing lost. 
Expanse 35 mm. 

Male Genitalia. Uncus short, spatulate, dorsally spinose; vinculum narrow; 
valve rounded, apically ligatured, clasper fairly stout and blunt; penis rather short, 
with long, slender cornutus and strap-like lateral sclerotization. 

Holotype, male, Tecualpan, Mexico, May, 1918, Joh. Laue, in Bavarian State 
Zoological Collection. 

This species is related to P. ostrealis (Guenée), but differs in the greyish 
ground colour, paler and more diffuse markings, different course of the lines, 
dark fringes, and paired, not fused, dorsal abdominal spots. 


Polygrammodes mimetica, new species 
Figs. 4, 8 
Head whitish buff; frons with broad, distinct lateral and median dark-fuscous 
stripes; palpi black, labial palpus whitish buff at base beneath; thorax above whitish 
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Figs. 6, 7. Male genitalia of Polygrammodes spp. 6, P. delicata; 7, P. lauei. 


buff anteriorly, with obscure fuscous markings in front of wing base and on 
patagium; remainder of thorax above orange, with a large blackish-fuscous patch 
on disc; abdomen above light buff, first segment and dorsolateral patches on 
remaining segments orange, each segment with a pair of dorsolateral blackish- 
fuscous patches on anterior margin and a single median patch on posterior margin; 
body beneath and legs light buff. Fore wing above orange; costal area to about 














282 THE CANADIAN ENTOMOLOGIST April 1960 





Figs. 8, 9. Genitalia. 8, Polygrammodes mimetica, male; 9, Polygrammopsis forsteri, 
female. 


middle of cell and a broad terminal zone pale buff; a black basal patch; a black 
sub-basal band, arcuate from costa to 2nd A, ending there; a black antemedial 
band from costa to Cu; black orbicular and reniform; an inwardly oblique black 
postmedial band from costa, ending at M,; conspicuous black dashes between 
veins in the buff terminal area. Hind wing above orange; buff terminal area 
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and black terminal dashes as on fore wing. Under side like upper side but with 
colours and markings much paler and weakly anand Expanse 26 to 28 mm. 

Male Genitalia. Uncus blunt, weakly setose dofsally; sacculus wide and 
blunt; valve with costa straight, apex acute and Renened, outer and posterior 
margins continuously curved. 

Holotype, male, and one male paratype, Barro Colorado I., Panama Canal 
Zone, C. W. and M. E. Rettenmeyer. Type no. 7054, C.N.C. 

This remarkable insect is the first mimetic species of the genus to be dis- 
covered. It is probably related to the runicalis group. In general appearance 
it is like Pilocrocis mapetalis Schaus. That species, however, has the abdomen 
and the costal area of the fore wing uniformly orange, without the conspicuous 
fuscous markings that occur on these areas in Poly grammodes mimetica. 


Polygrammopsis, new genus 
Type species: Polygrammopsis forsteri Munroe 

Frons flat and oblique, not prominent; labial palpus long and decurved, 
third segment long and cylindrical, not concealed in scales of second; maxillary 
palpus of moderate length, not dilated with scales; body and legs robust; praecinc- 
torium bilobed. Fore wing broad, R, from well before angle of cell, R, from 
just before angle, R, , , from angle, R, from just below angle, weakly curved and 
approximated to R,, , basally; M, from near upper angle of cell; discocellular 
long and weakly oblique; M,, M, and Cu, from posterior angle of cell, bent and 
basally approximated; Cu, from cell at four-fifths; anal loop large. Hind wing 
with outer margin rather strongly curved in cubital area; S. and R, strongly 
anastomosed, R, stalked with M,; cell short but deep; discocellular curved; M,, 
M, and Cu, from angle of cell, basally approximated; Cu, from cell at five-sixths; 
three anals present. 

Female Genitalia. Ovipositor rather sparsely setose; apophyses slender but 
well sclerotized, of moderate length; ductus bursae slender, with a small sclero- 
tized area near ostium, otherwise membranous; bursa small and globular, unarmed. 

This genus is closely related to Poly grammodes, which it resembles in habitus; 
but the long, drooping labial palpus, with conspicuous, cylindrical third segment 
is distinctive. The globularly expanded bursa differs from the tubular bursa 
usually seen in Poly grammodes. 


Polygrammopsis forsteri, new species 
Figs. 5, 9 

Head, palpi and antenna mainly rufous, vertex orange; body above rufous, 
thorax and base of abdomen with considerable ferrugineous admixture, body 
beneath buff; coxae tinted with rufous. Wings above rufous with some fer- 
rugineous suffusion. Fore wing with narrow dark-fuscous antemedial line, 
oblique outward to Cu, then gradually curved inward to posterior margin; 
orbicular and reniform small, solidly brown, separated by a small translucent 
white patch, postmedial line narrow, dark fuscous, a little irregular, oblique distal 
from costa to Cu,, oblique basad to Cu,, there weakly retracted and again oblique 
basad to inner margin, a narrow, continuous, purplish-fuscous, terminal line; 
fringe rufous. Hind wing with dark-fuscous discocellular bar; discal area 
heavily dusted with vinous; postmedial line dark fuscous, excurved around end of 
cell; traces of a purplish subterminal line; a purplish-fuscous terminal line as on 
fore wing; fringe rufous. Wings beneath dull pinkish buff; fore wing with costa 
narrowly suffused with purplish brown; antemedial line absent; orbicular and 
reniform fuscous, smaller than above; postmedial line fuscous, less definite than 
above; an obvious row of fuscous subterminal spots between veins; terminal line 
fuscous; fringe pinkish buff; hind wing with markings as above, but with post- 
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medial line less distinct and subterminal band represented by a distinct row of 
spots. Expanse 29 mm. 

Female Genitalia. As described for the genus. 

Holotype, female, Ecuador, Esmeraldas, San Mateo, May 6, 1956, J. Forster. 
In Bavarian State Zoological Collection. 

I take pleasure in dedicating this species to the collector, Dr. Forster, in 
recognition of his outstanding contributions to the science of entomology, and 
his generous help in my own studies. 

(Received February 2, 1960) 





Descriptions of Immature Stages of Coenosia tigrina (F.) (Diptera: 
Anthomyiidae), with Notes on Hibernation of Larvae and 
Predation by Adults 


By E. J. LeRoux anp J. P. Perron 
Research Laboratory 
Research Branch, Canada Department of Agriculture 
St. Jean, Que. 

Coenosia tigrina (F.), an important anthomyiid predator of the onion maggot, 
Hylemya antiqua (Meig.), in Quebec, was found in all stages of development in 
field populations of the latter. The species was named by Fabricius (1775). 
A description of the adult was given by Perron et al., 1956, but no description 
of the immature stages is available. This is a report on the external morphology 
of the immature stages of this species, the determination of the overwintering 
sites of the larvae, and the effect of predation by adults on adult H. antiqua in 
field cages. 

Methods 

The number of post- -embryonic larval instars for C. tigrina was determined 
by rearing individually in the laboratory from emergence to maturity, after the 
method of Perron et al. (1956), 100 larvae and checking each daily for exuviae. 
Four 25-egg samples, each taken at different stages of egg development, from the 
freshly laid state to eclosion, were also examined by internal dissection for sup- 
pressed larval instars (Tripp, 1954). 

Descriptions of eggs, larvae, and pupae were made from specimens preserved 
in 70 per cent alcohol. To study the buccdpharyngeal skeleton of the larvae, 
spiracles, anal plate, and integument of the larvae and pupae, and prothoracic 
horns of the pupae, specimens were heated slow ly in 10 per cent KOH solution 
in a water bath. Eggs were heated for five minutes, immature larvae 10 minutes, 
mature larvae one-half hour, pupae one hour. Specimens were then washed in 
distilled water, emptied of their gut contents, passed through graded alcohols and 
mounted in Hoyer’s solution (distilled water 50 grams; gum arabic, clear crystals, 
30 grams; chloral hydrate 200 grams; glycerin 20 grams). 

Body measurements of eggs, larvae (at rest), and pupae were made from 
live specimens using a micrometer eye-piece in a binocular microscope at magnifi- 

cations of 10X, 20X, and 45X. Measurements of morphological characters of 
larvae and pupae were made from mounted specimens by means of a similar eye- 
piece in an “Ortholux’ compound microscope, apochromatic dry system, at 
magnifications of 120X, 240X, and 400X. 

To determine if C. tigrina overwintered in the larval or pupal stage in a two- 
year old compost pile located on laboratory grounds near H. antiqua rearing 
cages, a 204-pound sample of compost soil was collected on April 26, May 9, 
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16, 23, 30, and June 14, 1956. Equal parts (68 pounds) of each sample were 
obtained from the top, centre, and bottom of the pile, and passed through a 
flotation separator (Lafrance and Perron, 1956) and C. tigrina stages extracted 
and counted. Four similar-sized soil samples were taken from the same compost 
pile on November 15, 29, December 16, 28, and placed in wooden flats in the 
laboratory for one month. The number of C. tigrina that emerged from each 
sample was recorded. At the end of this period each sample was sifted and 
examined visually for stages of C. tigrina. 

The degree of predation by adult C. tigrina on adult H. antiqua and the 
subsequent redaction of progeny of the latter was determined by placing in a 
field cage, in early June, 80 adults of overwintered C. tigrina and 280 (140 males: 
140 females) of H. antiqua. Asa check, an equal number of males and females of 
H. antiqua were kept in a separate cage in the absence of C. tigrina. Each cage 
was 12 feet by three feet by three feet in size, screened, with a wooden frame 
and base and contained twelve flats of onion sets as food for first-generation H. 
antiqua larvae. When all C. tigrina adults had died, surviving H. antiqua adults 
in each cage were counted and removed. First-generation adults were similarly 
counted and removed as they emerged later during August and September. 


Descriptions of Stages 

Egg.—The egg of C. tigrina (Fig. 1) is 1.6 + 0.01 mm. long, 0.37 + 0.007 mm. 
wide (at its widest part), and is light brownish in colour. The dorsal chorion has 
several longitudinal striations or ridges and the ventral chorion a pair of parallel 
flanges. Within the egg the ventral part of the larval body overlies the flat 
portion of the egg between the flanges. The mouthparts are located at the 
narrower end of the egg, at a point where the flanges are widest vertically. Thus 
the proper orientation of the egg is as follows: the flat portion between the 
flanges is ventral; the curved ridged portion, dorsal; the wide end of the flange, 
anterior; the narrower end of the flange, posterior. In many muscids in which 
the chorion of the egg is partially extended, the eggs are deposited i in such a way 
that the flanges are dorsal (Dr. J. G. Chillcott, Entomology Research Institute, 
Ottawa, personal communication). This is not so for C. tigrina, which lays its 
eggs loosely and indiscriminately in the field, on or just beneath the surface of the 
soil. For this species, the position of the flanges, based on the orientation of the 
larva within, is considered morphologically ventral. 

The larva emerges from the anterior part of the egg by forcing its mouth 
hooks through the chorion at the line of fusion of the left margin of the flat 
portion of the egg and the base of the left flange, and gradually easing itself 
through the resulting opening. 

An examination of the larval embryo at different stages of development 
revealed no evidence of a suppressed instar for this species. Thomson (1937) 
observed four species of Anthomyiidae hatching as third-instar larvae, but in 
only one did he find a suggestion of a suppressed instar in the egg. Tripp (1954) 
reported that Pegohylemyia sp. hatched as a second-instar larva; he recovered 
exuviae of the first-instar larva in the egg as evidence of a suppressed instar. 

Larva.—Larvae were not observed to moult save to form puparia. Since 
most Anthomyiidae have normally three instars it would appear that two instars 
are missing in this species. The mouthparts (except pharyngeal sclerites), and 
anterior and posterior spiracles of the newly-emerged larva did not differ in size 
from those of the mature larva. In body size, the latter was approximately five 
times larger than the former with anal plate and pharyngeal sclerites also con- 
siderably larger. Size increases in body, anal plate, and pharyngeal sclerites 
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apparently resulted from general stretching of the cuticula as internal organs 
became larger and increased space was required. In C. tigrina larvae the cuticula 
remains unsclerotized throughout most of larval life. —The phenomenon appears to 
be similar to that reported for adult termite queens, whose unsclerotized inter- 
segmental membrane stretches as a result of increased development of ovaries and 
fat-body (Imms, 1930, p. 259; Comstock, 1948, P- 276). From the structure of 
the free- living larval forms it appears that C. tigrina larvae hatch from the egg in 
the third instar. 

The larval body of C. tigrina (Fig. 2) consists of an elongated head, three 
thoracic segments, and eight abdominal segments. The respiratory system is 
amphipneustic, each spiracle having three openings. The anterior spiracles (Fig. 
2, a. spi.) are located mid-laterally on the first thoracic segment and project 
slightly anteriorly from the intersegmental border; the posterior spiracles (Figs. 
5, 6; p. spi.) are situated mid- dorsally on the last abdominal segment and project 
posteriorly. The anus (Fig. 2, a.), which is surrounded by a collar-shaped anal 
plate (Figs. 3, a.pl.; 4 and 22) is located mid-ventrally on the last segment. The 
anal plate is unsclerotized in newly emerged larvae (Fig. 4), only slightly 
sclerotized in mature forms (Fig. 3), and heavily sclerotized in puparia. The 
conspicuous tubercles found on the last segment in larvae of a number of 
Anthomyiidae (e.g., Hylemya antiqua (Mg.)) are absent in this species. In 
mature larvae, however, three pairs of small tubercles become evident on the anal 
segment: one ventral and posterior to the anal plate (Fig. 3, tu.), a second dorsal 
and anterior to the posterior spiracles (Fig. 6, tu.), and a third dorsal and 
posterior to the posterior spiracles (Fig. 6). The fact that these tubercles are not 
evident in young larvae may be due to the lack of sclerotization of these structures 
in early larval development. The larval integument is delicate and transparent, 
and the white internal organs give the larvae a whitish appearance. The in- 
tegument is covered with well-defined striae (Figs. 2, 10; str.) running longi- 
tudinally over the entire body, and with rows of small posteriorly pointed 
tubercles. (Figs. 2, 10; tu.) on the ventral anterior part of each segment. Tubercles 
on the first thoracic segment form a circular band covering more than half the 
anterior part of the segment. On the remaining segments the rows of tubercles 
are arranged in the form of a triangle (Fig. 10; tu.), which occupies the anterior 
quarter of each segment. The apex of the triangle is located mid-ventrally at 
the inter-segmental line, and the base posteriorly and directed laterally. Average 
measurements for 25 each of newly emerged, eight-day old, and mature (16-day 
old) larvae were: body width, 0.26 + 0.006 mm., 0.90 + 0.01 mm., 1.5 + 0.12 
mm., respectively; body length, 1.5 + 0.03 mm., 4.1 + 0.09 mm., 6.8 + 0.23 mm.; 
width of anal plate, 0.21 + 0.004 mm., 0.51 + 0.007 mm., 0.81 + 0.01 mm.,; 





ABBREVIATIONS USED IN FIGURES 

Al-10, abdominal segments 1-10; a., anus; ant., antenna; a. pl., anal plate; a.s.p., anterior 
spiracular plate; a.s.o., anterior spiracular opening; a. spi., anterior spiracle; b., button; 
b.s., buccopharyngeal skeleton; c.a., circular aperture; d.o., depressed opening; d.ps., dorso- 
pharyngeal sclerite; d.s., dentate sclerite; f. ch., felt chamber; fhs., floor of hypostomal 
sclerite; figs., flanges; f.p.s., floor of pharyngeal sclerites; h.p.s., hypopharyngeal sclerites; 
h.s., hypostomal sclerite; i.l., intersegmental line; i.s., internal spiracles; l.p.w., lower pharyngeal 
wing; Ls., longitudinal slit; max. palp, maxillary palp; m.h., mouth hook; mth. pts., mouthparts; 
o.s., oral sclerite; p., peritreme; p.a.s., parastomal sclerite; p.h., prothoracic horn; pr., pro- 
tuberances; p. spi., posterior spiracle; p.s., pharyngeal sclerite; p.s.p., posterior spiracular plate; 
p-S.s., posterior spiracular slit; s., setae; sal. d., salivary duct; s.p., spiracular papillae; s.r., 
sclerotized ridge; s.s., spiracular stalk; str., striae; T1-3, thoracic segments 1-3; tr., trachea; 
tu., tubercle; u.p.w., upper pharyngeal wing. 
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striae per 0.0013 mm. of cross-section of integument, 30 + 0.5, 18 + 0.3, 6 + 0.3; 
tubercles per 0.0013 mm. of cross-section of integument, 54 + 0.6, 31 + 0.5, 
ll + 0.6. 

The head (pseudocephalon; Roback, 1951) in larvae at rest (Fig. 2) is 
generally retracted into the first thoracic segment and is difficult to see. It can 
be viewed properly only in mounted specimens. It consists of two lobes fused 
mid-dorsally, and separated mid-ventrally by a deep longitudinal slit (Fig. 2 
l.s.). In the slit, through which pass the mouthparts when the larva is feeding, 
may be seen the tip of the mouth hooks. Ventrally and posterior to the slit are 
paired labial pore (not visible in figures). Dorsally on each lobe is located the 
antenna (Fig. 2, ant.) cylindrical and round at the tip and resting on a sclerotized 
rim, and the maxillary ‘palp (Fig. 2, max. palp), consisting of two papillae sur- 
rounded by a sclerotized ring. The antennae are dorsal to the maxillary palps. 
Ventrally a number of small sensory organs may be found near the slit. Small 
ridges radiate from the oral slit, tapering as they extend laterally to the sides of 
the head. 

The buccopharyngeal skeleton (Figs. 7 and 8) consists of paired sickle- 
shaped mouth hooks (m.h.) (so appressed as to appear fused, Fig. 9), dendate 
sclerites (d.s.), hypostomal sclerites (h.s.), hypopharyngeal sclerites (h.p.s., 
Fig. 9), phary ngeal sclerites (p.s.), and several oral sclerites (0.s.). Basally the 
mouth hooks articulate with the hypostomal sclerites (Fig. 9) which consist of 
two short longitudinal plates connected ventrally by a slightly sclerotized trough 
or floor (f.h.s.). When viewed ventrally the fused sclerites have the form of an 
H. The hypopharyngeal sclerites, visible only when the buccophary ngeal 
skeleton is viewed dorsally or ventrally, are located between the points of 
articulation of the mouth hooks and the hypostomal sclerites and articulate with 
both. In turn, the hypostomal sclerites articulate with the pharyngeal sclerites 
(Fig. 7, p.s.), which form a large trough-like structure prolonged in lateral view 
into two wings or cornua. The upper wings (u.p.w.) are separate, while the 
lower wings (l.p.w.) are connected by a lightly sclerotized pharyngeal groove or 
floor (Fig. 9, f.p.s.). In C. tigrina larvae the wings do not flare and the clear 
window-like areas (Roback, 1951) present on these structures in many Antho- 
myiidae are lacking. Parastomal bars or sclerites are also absent. Save for the 
hypopharyngeal sclerites, the size of the mouth structures of C. tigrina does not 
vary significantly from newly-emerged to mature larvae. Average measurements 
for mouth parts of 25 each of new ly-emerged, eight- -day old, and mature larvae 
(mouth parts removed from puparia) were: length of mouth hooks, 0.09 + 0.0005 
mm., 0.10 + 0.0005 mm., 0.10 + 0.0004 mm., respectively; width of base of 
mouth hooks, 0.04 + 0.0003 mm., 0.04 + 0.0002 mm., 0.04 + 0.0003 mm.; length 
of longest oral sclerite, 0.07 + 0.0002 mm., 0.07 + 0.0001 mm., 0.07 + 0.0002 
mm.; length of hypostomal sclerite 0.11 + 0.0006 mm., 0.11 + 0.0008 mm., 
0.11 + 0.001 mm.; length of pharyngeal sclerite, 0.27 + 0.001 mm., 0.44 + 0.003 
mm., 0.60 + 0.005 mm. The pharyngeal sclerites are only moderately sclerotized 
in newly emerged larvae but heavily sclerotized in mature forms. 

The anterior spiracles ( Figs. 11, 12) each have three small circular spiracular 
openings (a.s.o.), located on small circular spiracular plates (a.s.p.) raised 
separately on short stalks (s.s.), which project forward from the body. The 
many lobes associated with the anterior spiracles of a number of the Antho- 
myiidae (Roback, 1951) are lacking in this species. The posterior spiracles ( Figs. 
13, 14), somewhat larger than the anterior ones, open on the last abdominal seg- 
ment, each on a large lightly sclerotized half-moon or ovoid- -shaped spiracular 
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Figs. 9, 10. Coenosia tigrina (F.) 9, buccopharyngeal skeleton, newly-emerged larva, 
ventral view; 10, third abdominal segment of larva, anterior part, ventral view. 


plate (p.s.p.) raised on a spiracular stalk (s.s.). Delimiting each spiracular plate 
is a sclerotized rim or peritreme (p.), closed in C. tigrina. Inside the peritreme 
are three oval-shaped spiracular slits (p.s.s.) of equal size, arranged in arc-like 
fashion about a small oval shaped scar or button (b.) located centrally near the 
inner edge of the peritreme. Along the outer edge of the sclerotized plate (Fig. 
13), equi-distant one from the other, are four small depressed openings (d.o.) from 
which protrude, in fan-like arrangement, several small hairs (s.) or setae. 
Average measurements for anterior and posterior spiracles of each of 25 newly- 
emerged, eight-day old, and mature larvae were: diameter of individual openings 
of the anterior spiracles, 0.0087 + 0.0002 mm., 0.0086 + 0.0002 mm., 0.0088 + 
0.0002 mm., respectively; width of the three anterior spiracular openings together, 
0.027 + 0.0005 mm., 0.028 + 0.0002 mm., 0.029 + 0.0003 mm.; length of in- 
dividual posterior spiracular opening, 0.03 + 0.0002 mm., 0.03 + 0.0005 mm., 
0.03 0.0007 mm.; width (at widest part) of individual posterior spiracular 
opening, 0.015 + 0.0003 mm., 0.015 + 0.0002 mm., 0.014 + 0.0002 mm.; overall 
width (at widest part of peritreme) of posterior spiracle, 0.076 + 0.0004 mm., 
0.077 + 0.0003 mm., 0.077 + 0.0003 mm. 

Pupa.—At pupation, the anterior and posterior segments of the larva become 
retracted and the integument hardens into a more or less egg-shaped puparium 
(Figs. 15, 16, 17, 18). The puparium is pale brown in colour and transparent, 
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and through it may be seen the pupal body and the sloughed off buccopharyngeal 
skeleton (b.s.) of the larva adhering ventrally to the three thoracic segments. In 
its general form the puparium retains the external appearance of the larva, save 
that it is less elongated and more sharply rounded at both ends. It has eleven 
segments, three thoracic, and eight abdominal, with the lines of separation (i.1.) 
between the segments well defined. On the posterior end the anal plate (Fig. 
22, a. pl.), located ventrally on the last segment, is similar in shape and size to 
that of mature larvae. Small, heavily sclerotized protuberances (pr.) project 
forward from the tip of the first segment, and two similarly sclerotized ridges 
(s.r.) extend laterally from the apex of the first segment to the middle of the first 
abdominal segment. The protuberances are the remnants of the small tubercles 
present on the anterior border of the first thoracic segment, and the sclerotized 
ridges (which appear at pupation only) are sutures (emergence sutures?) along 
which the integument breaks when the adults emerge from the puparium. The 
puparium wall breaks along the ridges laterally to the first abdominal segment, 
then transversely on or about the mid-line of the latter segment. 

Two heavily sclerotized prothoracic horns (p.h.), each located dorsally on 
the posterior lateral edge of the first abdominal segment, protrude through small 
circular apertures (c.a.) in the puparium wall. Externally, the horns are slightly 
curved laterally and anteriorly, and are covered with small spiracular papillae 
(Fig. 19, s.p.). Internally, they continue from the puparium wall into more or 
less enlarged, unsclerotized felt chambers (f. ch.), covered with numerous in- 
ternal spiracles (i.s.) (spiracular papillae) and joined to the main tracheal trunk 
of the pupal body. The cuticula of the pupal body, which is delicate, un- 
sclerotized, and transparent, is reticulate in structure (Fig. 21). Réaumur (1738) 
first observed the presence of prothoracic horns in puparia of Eristalis. He found 
that prior to protrusion through the puparium body wall the horns lie parallel to 
the length of the body while after protrusion they become perpendicular. 
Dufour (1840) also described them for pupae of Phora, ‘Aricia, and other Diptera, 
and Labouléne (1861, p. 243) for pupae of Tachina villica Rob. Desv. 

During the early stages of pupation of C. tigrina two small circular spots 
(Fig. 15, c.a.) were observed on the first abdominal segment of the puparium. 
The cuticula in the spots remained thin and clear while the remainder of the 
puparium became sclerotized. Almost as soon as sclerotization of the puparium 
had been completed, the two prothoracic Horns, lying internally and parallel to 
the body length with the tips directed anteriorly but located just below the spots, 
began to protrude through the delicate cuticula. It took approximately 24 hours 
before the horns protruded fully through the puparium where they remained 
fixed in a perpendicular position. The presence of circular spots on pupae of 
Diptera was first discovered by Réaumur (1738; p. 463) for Eristalis, and the 
phenomenon of prostrusion of the horns through the puparium cuticula first 
discovered and described by Perris (1870; p. 358) for pupae of Phora pusilla 
Meig. Similar observations have been made by Keilin (1944) for the phorid 
flies, Paraspiniphora bergenstammi (Mik), and Paraspiniphora maculata (Meig.). 


Hibernation of Larvae 


The numbers of C. tigrina larvae obtained per 204-pound sample of compost 
soil collected in 1956 were: on April 26, 24 larvae and 3 pupae; on May 9, 6 laryae 
and 23 pupae; on May 16, 28 pupae; on May 30, 36 pupae; on June 14, 36 pupae. 
This is the first record of C. tigrina overwintering in compost soil in Quebec. 
The presence of overwintering C. tigrina larvae in barn manure, observed during 
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the course of a separate study on April 20, 1956, also constitutes a first record. 
Since mostly larvae were obtained from the April 26 sample, and only pupae from 
samples collected after May 9, it appears that C. tigrina Ooverwinters as a larva 
and pupates early in the spring. The possibility that some C. tigrina overwinter 
exclusively in the pupal stage cannot, however, be discounted. Of the pupae 
collected 150 were left in compost soil in a screen cage under field conditions. 
Eighty per cent (120) emerged as adults, with first, peak, and last emergence on 
June 6, 13, and 23. The date of first emergence of C. tigrina adults in 1956 was 
two weeks later than that recorded for its host H. antiqua (May 20). It appears 
that the compost soil, rich in larval and pupal fauna of a number of arthropod 
and annelid species, provided a ready source of food for developing C. tigrina 
larvae. The carnivorous habit of C. tigrina larvae was observed by Perron et al. 
(1956), who successfully reared them on live H. antiqua pupae in the laboratory. 
Keilin (1917) also observed that larvae of a related anthomyiid, Melanochelia 
riparia (Fall.), were carnivorous, and described their method of feeding on 
Oligochaeta in mosses. 

The numbers of adults emerging per 204-pound sample collected in the fall 
and kept at room temperature for one month were: on November 15, 33; 
November 29, 25; December 16, 38; December 28, 26. The samples, sifted and 
examined at the end of the one month period, did not yield a single immature 
C. tigrina. The fact that overwintering immature forms successfully and rapidly 
transformed to the adult stage when brought into the laboratory suggests that for 
hibernating forms of C. tigrina diapause is not obligatory. 


Predation by Adults 

In field cages, adults of overwintered C. tigrina fed on adults of overwintered 
H. antiqua from June 5 to July 3, a period of 29 days. Surviving adults of both 
species were observed to breed and lay eggs during this period. At the end of 
this time predation ceased with the death of the last C. tigrina adult. The 
number of H. antiqua adults remaining out of 280 caged with the predator was 
12; the number out of 280 caged in the absence of the predator, 84. The number 
of first-generation H. antiqua adults that subsequently emerged in the predator 
cage was 166; in the check cage, 412. One-seventh as many adults of over- 
wintered H. antiqua remained in the predator cage as were left in the check cage, 
and the number of first-generation H. antiqua adults that subsequently emerged 
in the predator cage was less than half the number emerging in the check cage. 
It appears that under the conditions of the experiment predation by adults of 
overwintered C. tigrina of adults of overwintered H. antiqua effectively reduces 
subsequent first-generation adults of the latter. 

In the predator cage, eggs were laid in great quantities by adults of over- 
wintered C. tigrina. The larvae which subsequently emerged did not survive 
in the sifted muck soil containing onion sets in which numerous H. antiqua larvae 
were developing, for first-generation C. tigrina adults were not obtained. C. 
tigrina larvae were not observed to feed on H. antiqua larvae in these cages. 


Conclusions 
Since C. tigrina larvae are amphipneustic i in the newly-emerged state, do not 
moult during larval life, and the size of the mouth hooks, hypostomal sclerites, 
and anterior and posterior spiracles are identical in newly-emerged and 
mature larvae, it is concluded that for this species the larvae emerge from the 
egg in the third-instar. It follows that larval trimorphism generally exhibited by 
larvae of cyclorraphous Diptera does not exist for this species. This phenomenon, 
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i.e., the supression of two larval instars in muscid larvae, was first observed by 
Porchinsky (1892) for larvae of Mydaea urbana Meig., and Myospila meditabunda 
Fabr. Keilin (1917) made a similar observation for larvae of Melanochelia 
riparia Fall. but did not conclude with certainty that two instars were suppressed, 
though in our opinion he could safely have done so. 


Summary 


Coenosia tigrina (F.), an important predator of the onion maggot, Hylemya 
antiqua (Meig.) in Quebec, is found in all stages of development in field popula- 
tions of this insect. This species is shown to have only one free-living larval 
instar, the third instar. The newly-emerged larva, save for body size and size 
of the pharyngeal sclerites, is morphologically identical to the mature larva. 
Dissection of eggs at different stages of development did not reveal exuviae of 
suppressed first and second larval instars. 


C. tigrina overwinters mostly in the larval stage in compost, pupating in 
early spring. Emergence of adults coincides with emergence of adult H. antiqua. 
Under caged conditions, C. tigrina adults effectively reduce populations of H. 
antiqua adults. 
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The Approach to Biological Control in Forest Entomology’ 
By R. E. Batcn? 


The term “biological control” is sometimes used very broadly to cover all 
methods of encouraging the action of biotic factors. For the purposes of this 
discussion I will use it to refer solely to the introduction of parasites, predators, 
or microorganisms. I will also confine my remarks to the control of introduced 
pests. That is the purpose for which it has most promise and has been chiefly 
used. In my experience the most pressing forest insect problems of the Maritime 
Provinces—with the notable exception of the spruce budworm—have been with 
foreign species of European origin. It is logical to assess the value of biological 
control against exotic species before turning attention to its possibilities against 
indigenous pests (see Rawlings, 1958). 


Viewpoint 

The viewpoint of a forest entomologist has certain peculiarities that derive 
from the nature of the forest crop: 

Trees take many years to mature and the value of the annual growth per 
acre is lower than with most agricultural crops. Protective methods must be 
correspondingly low in cost. Thus, in spite of recent advances in aerial spraying, 
the forest entomologist is less tempted to rely on chemical control, which he 
tends to look upon as an emergency method pending the re- -establishment of 
natural control or the application of silvicultural or biological methods. 

Trees have a considerable capacity to repair insect damage and can tolerate 
relatively high infestations by many pests, such as defoliators. There are excep- 
tions. A single adult of the white pine weevil, Pissodes strobi (Peck), can 
destroy the form of a tree by ovipositing in the leading shoot. Relatively light 
infestations by the balsam w ‘oolly aphid, Adelges piceae (Ratz.), can gradually 
kill certain species of Abies. In general, however, it is not necessary to regulate 
forest insects at very low levels to prevent damage. 

In comparison with agricultural crops most Canadian forests are complex 
natural associations of many species of plants and animals. This increases the 
danger from insecticides of undesirable effects on associated species such as 
wildlife and beneficial insects. Also, the introduction of parasites and predators 
is more likely to be permanently successful in a natural environment that is 
relatively free from the drastic disturbances of cultural operations characteristic 
of monocultures of short-lived crops. The more complex and stable the 
biocoenose, the greater the chance that introduced species will survive and play 
whatever part they are capable of in the establishment of a more effective 
mechanism of natural control. 

For these reasons the forest entomologist is particularly interested in bio- 
logical control and is less inclined to be discouraged by its limitations. He needs 
economical, self-perpetuating methods rather than control at extremely low den- 
sities. His approach is essentially ecological. 


General Approach 

The present general approach to biological control of forest insects in 
Canada may be outlined as follows: 

As soon as a pest is recognized as of foreign origin the possibilities of 
biological control are investigated. This involves co-operation between the 


1Contribution No. 612, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa. 
(Presented at a symposium on Approaches to Biological Control at the combined Meetings of the 
Entomological Societies of America and Canada in Detroit, December, 1959.) 

2Research Officer, Forest Biology Laboratory, Fredericton, B. 
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Division of Forest Biology, the Research Institute for Biological Control, Belle- 
ville, Ont., and the Commonwealth Institute of Biological Control, Ottawa, Ont. 
At the first opportunity a search is commenced for natural enemies and diseases 
in countries where the pest is apparently indigenous. 

At the same time studies are undertaken of the distribution and ecology of 
the pest in Canada. An essential part of this work is the establishment of one 
or more permanent study areas and the development of sampling methods to 
measure populations and mortality factors, with particular reference to the 
identification and assessment of natural enemies. The objective is to prepare 
for a study of the effects of introducing new factors. 

The search abroad is generally commenced where the pest is best known 
and most numerous. Priority is given to regions where climatic and forest 
conditions are similar to those where introductions are to be made. As the work 
progresses, it is directed to other areas where the pest is less numerous, or to 
other species closely related to the pest. It is recognized that if biotic factors 
are responsible for control the most efficient are likely to be found where the 
host is not numerous. If the natural enemy is found where the pest is relatively 
scarce but not where it is numerous, the difficulties of collecting it should not 
be allowed to outweigh the probability that it may be a regulating factor at 
low host density. 

An attempt is made to determine beforehand the kind of predator or parasite 
that may be expected to supply a lack in the control complex and be successful 
in Canada. Examples of characteristics that may seem necessary are: ability to 
attack a particularly vulnerable stage, a strong preference for the pest and 
independence of alternate hosts, a specific number of generations, searching 
ability in the larva of a predator, the habit of overwintering in the ground, and 
so on. 

The choice of species for introduction is, however, often determined in the 
early stages of a project by ease of collection. One reason is that a species that 
is numerous has at least some of the prerequisites of success. The chief reason 
is that the amount of study necessary to determine the species most likely to be 
successful would delay introductions indefinitely. The quickest, and perhaps 
the only way, to discover them is by introduction and subsequent study. Some 
authors have stressed the importance of careful selection of species for introduc- 
tion and the wholesale transference of parasites and predators from one part of 
the world to another has been deprecated (see Taylor, 1955). However, the 
grounds for this are not clear and it seems to have been a common policy to 
introduce most of the available primary parasites or predators. The selection 
of species is largely a matter of giving priority to those that appear to be effective 
where the pest is indigenous, and to those that can be most economically collected 
or reared. The only species deliberately eliminated are those that attack bene- 
ficial insects. ; 

Initial liberations are made on or near plots where the population of the pest is 
being studied. Trees or stands are chosen where the population is moderately 
high and increasing. If the introduced species becomes established and shows 
promise, further colonies may be liberated at points so spaced throughout the in- 
fested area as to ensure rapid distribution but at the same time permit studies of 
rate of spread. If failure appears to be due to unfavourable climate the species 
may be liberated in other regions. Liberations are discontinued after a species has 
been given a reasonable chance of establishing itself. Continuous or mass 
liberations are seldom justified in forest entomology. Further introductions 
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from different regions may, however, be undertaken on the grounds that there 
are geographic or biological races, which vary in their ecological requirements 
and effectiveness. 

The use of natural enemies other than insect parasites and predators calls 
for extreme caution. The shrews, however, are important predators of sawflies 
and other insects found in the forest floor and these small insectivorous mammals 
may be of value in biological control. They are absent from the fauna of New- 
foundland. After careful study of its habits Sorex cinereus cinereus Kerr was 
introduced from New Brunswick to Newfoundland in 1958 and has apparently 
become established (Carroll and Parrott, 1959). This was achieved by co- 
operation between a number of entomologists and mammalogists under the guid- 
ance of Dr. C. S. Holling. Sampling plots were prepared in advance to study 
the populations of the shrew, its spread, and its effects on populations of the 
larch sawfly, Pristiphora erichsonii (Htg.). 


Principles Involved 

This general policy involves some basic assumptions that call for periodic 
examination. 

The first is that parasites, predators, and disease play a vital part in natural 
control and that introduced insects often become pests because these essential 
factors have been left behind. This implies that the balance of populations is an 
evolutionary process, that phytophagous insects and their natural enemies tend to 
evolve mutually beneficial relationships which prevent violent fluctuations in 
their numbers. When a phytophagous species is introduced the parasites and 
predators in the new environment, which have evolved in association with other 
species, are likely to be imperfectly adapted to control it. 

Although some spectacular successes in biological control have been recorded 
(Clausen, 1958), there are also many cases where a number of parasites or 
predators have been established and have attacked considerable proportions of 
the pest population, but economic control has not resulted. In some of these 
“partial control” has been claimed but the evidence is more circumstantial than 
conclusive, owing to the difficulties of precise assessment of the role of the many 
factors involved. Recent controversies over theories of natural control emphasize 
the need for quantitative studies of natural populations. There may be no better 
opportunity than in study of biological control projects. 

Biological control is based on the theory, elaborated chiefly by Nicholson 
(1933), that “density-dependent” factors are the essential component of any 
regulating mechanism (see Flanders, 1959b). This does not mean, of course, 
that all natural enemies are regulating factors. Their relationships to ip seme 
density vary infinitely. Even when they appear to have a regulating function 
the relationship is what Milne (1957) calls “imperfect”. It does, however, imply 
disagreement with Bodenheimer’s contention (1958, p. 162) that parasites and 
predators have little influence at low to medium population levels. 

Native pests may have a large number of parasites and predators and still be 
pests. The spruce budworm, Choristoneura fumiferana (Clem.), is attacked by 
a long list of natural enemies but they fail to prevent periodic eruptions. There 
is evidence that some of these do play an important part in maintaining low 
populations between outbreaks, but are unable to respond to rapid increases of 
the budworm brought about by favourable weather in an extremely favourable 
forest type. 

Such examples illustrate the fact that natural systems of control have evolved 
to varying degrees of perfection, or rather ieapuelainion They are particularly 
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subject to breakdown in unstable environments. Few forests have escaped 
disturbances by man, and in the so-called temperate regions — where outbreaks 
are more frequent — climatic variations are often extreme. These changes may 
cause escape from control by natural enemies and bring into play factors, such 
as disease and starvation, that operate only at high densities. 

This does not invalidate the hypothesis that parasites and predators are of 
major importance in preventing outbreaks, or reducing their occurrence and 
extent. With forest insects relatively small improvements may prevent serious 
damage. When the forest entomologist engages in biological control he only 
assumes that natural enemies exist which are capable of reducing the frequency or 
severity of outbreaks, and possibly preventing them. He hopes to establish a 
complex that will be effective under all conditions, but realizes that com- 
plementary silvicultural measures may be necessary to improve the stability of 
the forest environment. 

The chances of success will be least when the introduced pest is also a pest 
in its native habitat, and when the forest to which it has been introduced is 
highly favourable to its increase or vulnerable to its attack. The gypsy moth, 
Porthetria dispar (L.), is an example. Although some 40 species of parasite or 
predator have been introduced and 10 or more have become established, it is 
still a pest. However, natural control has been improved and now appears to 
approximate that in Europe (Dowden, 1953). The results have been confused 
by large-scale spraying operations and other “extermination” procedures and one 
can only speculate as to what they might have been if an equal effort had been 
directed to silvicultural and other biological methods. 

Another assumption involved is that the larger the number of natural 
enemies established the greater will be the probability of control. 

This is part of the principle put forward by many ecologists and forest 
entomologists (see Elton, 1958; Graham, 1956) that associations of plants and 
animals become more stable as they become more complex. Natural forests tend 
to develop toward a so-called “climax type”, which is the most complex as- 
sociation that the site and climate permit. This is the most stable type because 
the mechanisms of population balance operate most effectively when a large 
number of interacting species is involved. It is the climax of ecological evolution. 

Forestry, however, is not often concerned with the management of true 

climax types, and as Graham (1956) and others have pointed out many insect out- 

breaks arise in succession types or plantations with a relatively poor flora and 
fauna. One of the reasons for this appears to be the poverty of the natural 
enemy complex. 

Since the climatic and vegetational components of the forest environment 
vary, different species of natural enemies will be effective at different times and 
places. As a simple example, a predator may be a dominant control factor under 
normal conditions but subject to periodic reduction by abnormally severe winters. 
Its function may then be taken over by another species that is unable to compete 
with it under normal conditions but is not affected by severe winters. Or a para- 
site may be dependent on alternate hosts or food sources that are found only in 
certain forest types or parts of the range of the pest, or occur in sufficient numbers 
only at certain population densities. The complex of enemies varies, both 
qualitatively and quantitatively from season to season, from place to place, and 
with population density. The larger the number of species, or races, the greater 
the probability that effective combinations will exist to meet these varying con- 
ditions. Although it sometimes appears that individual species are the dominant 
control factor, it is more than doubtful if a single species is ever solely responsible 
for the regulation of a forest insect throughout its range or for very thon periods. 
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The above assumptions also imply that competition between species of para- 
sites or predators does not reduce the effectiveness of the whole complex. In 
other words, the introduction of an additional primary parasite or predator will be 
unlikely to weaken the total effect of parasitism or predation. 

Although there are a number of references in the literature to the dangers of 
indiscriminate introductions, concrete examples are rare. Taylor (1937) des- 
cribes one in which an introduced predacious mite, Pediculoides sp., interfered 
with the normal production of conailae generations by the cocoanut beetle, 
Promecotheca sp. This reduced the effectiveness of its chalcid parasites by dis- 
turbing the synchrony of their life- history with that of the host. The mite itself 
was not an effective control and outbreaks resulted ow ing to release froia para- 
sitism. Balance was apparently restored by the introduction of another chalcid, 
in other words by a further addition to the complex. 

This illustrates the danger of generalizing in so complex a field as population 
dynamics, but it seems reasonable to assume that competition between primary 
enemies seldom weakens control. Smith (1929), in a discussion of multiple para- 
sitism, examined the possible results of competition between species with different 
combinations of ‘extrinsic’ and ‘intrinsic’ superiority. He concluded that, as 
no two species are likely to occupy identical niches, the total parasitism would be 
greater in all cases with two parasites than one. 

Nicholson and Bailey (1935) have given theoretical mathematical examples 
where the introduction of a new specific parasite could increase the steady 
density of the host. Nicholson’s work has been one of the most stimulating in- 
fluences in the field of population dynamics but a number of his conclusions are 
based on simplified situations in w hich searching ability and the environment 
remain constant. They do not necessarily fit the systems that exist in a complex 
variable environment such as the forest. His theory leads, for instance, to the 
conclusion that host-parasite interaction results in fragmentation of the host 
population. Although this undoubtedly occurs in some cases, it does not appear 
to be a common phenomenon in forest insect populations. Similarly, the 
theoretical examples in which addition of a parasite could increase ‘steady density’ 
may be rare or non-existent in nature and Dr. Nicholson agrees, in a personal 
communication, that the possibility of increasing the numbers of a pest by 
introducing an additional parasite is far outweighed by the advantages of a 
number of enemies with a variety of ecological requirements. 

We cannot be certain that the introduction of a specific enemy will not 
result in control at a higher average density but with most forest insects the prime 
objective is to prevent outbreaks by reducing the amplitude of fluctuations. 
This seems most likely to be achieved by establishing as many as possible of the 
parasites, predators, and diseases that have become adapted to the pest in its 
native habitats. 

The above policy and the assumptions on which it is based appear to be 
justified by our present knowledge but can only be assessed by careful study of 
results. These will vary with the ecological circumstances of each case and no 
single project will provide general answers to the problems of biological con- 
trol. A brief review of two recent projects in the Maritime Provinces may 
serve to illustrate this and some of the other points I have tried to make. 


The European Spruce Sawfly, Diprion hercyniae (Htg.) 

This defoliator probably reached Canada before the beginning of the century 
but was not discovered until 1930 when it had seriously infested several thousand 
square miles. Owing to its reluctance to eat new foliage a prolonged outbreak 
of some six or more years is necessary to kill trees. During the 1930’s large 
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quantities of spruce died from defoliation, which was often followed by bark- 
beetle attack (Balch, 1942). 

No native insect parasite or predator has been able to attack it more than 
very occasionally (Reeks, 1952). Small mammals destroyed up to 50 per cent 
of the cocoons but populations increased until controlled by starvation (Morris, 
1942). 

Since 1933 some 20 species of parasites have been introduced. Of these 15 
are considered as having been liberated in sufficient numbers and under a sufficient 
variety of conditions to have had a good chance of establishment. Reeks (1953) 
summarized results up to 1951 and concluded that seven were established. 

Dahlbominus fuscipennis (Zett.), a chalcid attacking the cocoon, was reared 
in large numbers at the Belleville Laboratory. As a result of widespread libera- 
tions and rapid dispersal, it became well established throughout the infested area 
by 1939 and was then parasitizing from five to 75 per cent of the cocoons. The 
data suggested a cedeeiey relationship. 

A larval parasite, Exenterus claripennis (Thom.), was liberated in relatively 
small numbers at several points. It became established from releases as small as 
110 adults. Study plots and surveys indicated that it multiplied and spread 
rapidly in two contrasting climatic regions wherever the sawfly population was 
moderately high. On one “oa 52 per cent parasitism was recorded in 1939, two 
years after it entered the plot from a nearby liberation in 1936. 

Five other species were recovered but up to this time only in small numbers. 

These results were promising. At least two species were evidently well 
adapted to attack the larvae and cocoons effectively at moderate to high densities. 
Our attempts to assess the actual control value of the introduced parasites were 
interrupted, however, by the appearance of a disease that rapidly | seers the 
whole control complex. This disease was first recognized in the rage in 
1936 (Balch and Bird, 1944) and found to be caused by a virus. Two years later 
it became evident in the forest and in 1939 it killed high percentages of the larvae 
in central New Brunswick. During the next few years it appeared throughout 
the infested areas and the outbreak collapsed. Mortality in excess of 99 per cent 
was measured and no doubt was left that the disease was responsible. 

The virus was of extreme virulence. Studies by Bird indicated it could be 
carried from the adult to its progeny as well as by larval contacts. Methods of 
propagation and storage were worked out and it was established successfully on 
the island of Newfoundland and in Ontario. The study of viruses as potential 
agents in biological control was stimulated by this work. 

The question remained as to what would happen at the lower densities of 
sawfly population. We now have the results of annual measurements of the 
sawfly population and the incidence of parasitism and disease for the past 21 years. 
They have been summarized up to 1954 by Bird and Elgee (1957). 

Using additional data up to 1959 obtained by Elgee, and the results of the 
Forest Insect Survey, the following conclusions may be drawn: 

1. Since the virus epizootic brought an end to the outbreak the sawfly 
population has fluctuated for 16 years well below the level causing noticeable 
defoliation, the maximum population being about 15 times the minimum. 

2. The two parasites, D. fuscipennis and E. claripennis, which were most 
effective at high host densities, have virtually disappeared from the complex at 
these lower densities. E. claripennis is still present in small numbers in some 
areas. D. fuscipennis has not been recovered since 1941, but this is probably due 
to limited cocoon sampling in our surveys. There has been no parasitism by 
native species. 
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3. Two other introduced parasites, Exenterus vellicatus Cush. and Drino 
bobemica Mesn., which did not occur on the study area during the outbreak and 
were found only in small numbers elsewhere, have become important mortality 
factors at low host densities. Since 1944 they have jointly parasitized from 5 to 
70 per cent of the larvae with an average of about 40. 

4. The disease has persisted and there is no evidence of loss of virulence, or 
development of resistance in the sawfly. At the lower population levels it has 
killed percentages of the larvae ranging from 1 to 30 and averaging about 10 
per cent. 

5. There is good evidence that the two parasites and the disease are the key 
factors in the maintenance of the endemic state. 

Since a complete life-table study has not been possible their exact role can- 
not be positively demonstrated (see Balch and Bird, 1944). One might say that 
it is obvious that they are responsible for the present endemic condition as they 
are the only new factors and their appearance coincides with the maintenance of 
the lower population levels. The term ‘obvious’ is often used to designate some- 
thing that is difficult to prove. It was not difficult to prove that the disease was 
responsible for terminating the outbreak, for it alone killed a larger percentage of 
the population than is necessary to prevent increase. Under endemic conditions, 
however, control results from a combination of factors, none of which causes 
such high mortality. As Morris (1957) has made clear, the per cent mortality 
caused by a factor is no proof or measure of its control value. 

On the other hand, if it is accepted that the essential regulating factors must 
be “density-dependent”, we may be able to identify them by their relation to the 
density of the host. We would expect to find that the per cent mortality caused 
tended to increase and decrease with the numbers of the host. The relationship 
would not be a regular one owing to the effects of varying climatic factors on 
the survival of the host and on the survival and efficiency of the control factors. 
Also, it would be of a delayed nature. 

The data on parasitism for 24 generations have been analysed by the method 
of single-factor analysis described by Morris (1959). It was found that the 
population changes could be predicted from the per cent parasitism and the trend 
was downward when parasitism reached about 16 per cent. He concluded that 
parasitism was a key factor in control and that it probably provided an index to 
the action of other factors such as disease and predation with a similar response 
to population density. More recently M. M. Neilson and D. E. Elgee have 
examined the data for 32 generations since 1944 and found distinct relationships 
between parasitism, disease, and population. This preliminary analysis suggests 
that parasitism has responded to population changes with a one-year lag, and 
mortality from disease with a two-year lag. 

A few more years sampling are needed and more refined methods of analysis 
will be tried before the details are published. The results to date, however, in- 
dicate fairly conclusively that the present endemic status is being maintained 
primarily by two of the introduced parasites, supplemented by the virus disease. 
There has been no change in the sawfly’s inherent capacity for increase and the 
only change in the control complex has been the addition of the parasites and the 
virus. 

This may be considered an example of fully successful biological control. 
Although the sawfly is still a common insect, it is no longer an economic pest. 
If it escapes from control by the parasites as a result of a period of favourable 
weather the virus may be expected to increase its effectiveness. If necessary, the 
virus can be propagated and disseminated. There is also the probability that the 
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other species of parasites, D. fuscipennis and E. claripennis, will again become 
effective if populations rise.* 


This example illustrates the not uncommon fact that different parasites are 
effective at different times and different host densities. It tends to support the 
policy of introducing all available enemies and diseases. It is doubtful if any 
amount of study would have disclosed the species of parasites that would be 
effective. Although the entomologists cannot, unfortunately, claim credit for 
introducing the virus, its study has led to the introduction of another virus, 
against the European pine sawfly, Neodiprion sertifer (Geoff.), and its successful 
application in biological control (Bird, 1953). 


The project also illustrates the need for long-term studies of natural popula- 
tions and careful measurement of control factors in relation to population den- 
sities and trends. The present work is being extended to include the effects of 
small mammal predation. Preliminary results suggest that shrews and mice are 
taking a smaller proportion of the cocoons than they did during the outbreak. 
Holling (1959a) has shown that small mammals respond functionally and numeric- 
ally to the density of sawfly populations between certain levels. Theoretically 
they can “regulate the numbers of the prey if predation is high enough to match 
the effective reproduction by the prey at some prey density”. With the spruce 
sawfly, however, their response to increases in the population is apparently limited 
by effects of crowding. During the outbreak the peak of predation was reached 
before it matched the effective reproduction of the sawfly. It remains to be 
discovered whether they have a damping effect on oscillations now primarily 
determined by parasites and disease. 


The Balsam Woolly Aphid, Adelges piceae (Ratz.) 
This insect, which was probably introduced from Europe about the same 
time as the sawfly, presents a contrasting ecological problem. 


The aphid is a small, sedentary species that feeds on the cortical parenchyma 
of the bark and twigs. All true firs are attacked but different species react 
differently. Although outbreaks occur in Europe, the common fir, Abies alba 
Mill., is uninjured. North American species, however, are sensitive to its salivary 
injections, and balsam fir, Abies balsamea (L.) Miller, is killed in a few years by a 
heavy infestation on the stem. It is also severely injured and may die slowly 
from the effects of light, persistent infestations of the twigs which cause a con- 
dition known as ‘gout’ (Balch, 1952). To prevent both types of damage, control 
must be effected at low population levels, but any reduction of the severity of 
infestations will be of value. Chemical control is impracticable. Damage can 
be reduced by silvicultural methods but improved natural control is necessary 
if balsam fir is to be grown profitably. 


The Adelginae are strangely free of parasites and no primary diseases are 
known. The only natural enemies of A. piceae are insect predators. The most 
common of these are species of flies and beetles that are found on heavily infested 
trees in Europe. The numbers and the dominant species vary from place to place 
and year to year and their role in natural control is not clear (Franz, 1958; 
Pschorn-Walcher and Zwélfer, 1958). It is evident that they do not prevent 
outbreaks, which are sometimes of considerable intensity and terminated only by 
the exhaustion of food sources on the tree. Karafiat and Franz (1958), however, 


*Dr. F. T. Bird and Dr. J. M. Cameron of the Insect Pathology Research Institute, Sault Ste. Marie, 
have kindly shown me some preliminary, unpublished results of studies in Ontario. In an area where the 
virus was artificially introduced it appears to be the major factor in control, while parasitism 
is of little or no importance. The mean density of the population is considerably higher than in New 
Brunswick — a probable result of the absence of control by parasites. 
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have presented evidence that they can reduce populations before this occurs and 
thus limit the period of outbreak. 

A number of native predators attack the aphid occasionally in Canada. A 
few are sometimes fairly numerous on heavily infested trees but none appears to 
act as a controlling factor. 

It should be noted that A. piceae is considered to be native to the Caucasus 
region and to have reached Europe probably within the past century. One 
might expect to find the most effective predators farther east, but for practical 
reasons the search was commenced in Central Europe and has only recently been 
extended to other continents.* Up to 1958 seven European species had been 
liberated in sufficient numbers to give them a reasonable chance of survival. Five 
of these have become established (Balch, Clark and Brown, 1958). Ten other 
species from India, Australia, and Japan have been liberated too recently to assess 
their possibilities. 

Of those established one, Aphidoletes thompsoni Méhn., was not liberated 
until 1957 when the aphid was comparatively scarce, owing to a severe winter, 
and its value is uncertain. Two others, Cremifania nigrocellulata Cz. and Pullus 
impexus (Muls.), have persisted for a number of years but have never become 
numerous. They appear to be limited by high winter mortality. The remain- 
ing two, Neoleucopis obscura (Hal.) and Laricobius erichsonii Rosen., have both 
increased rapidly. 

N. obscura, which has two generations synchronized with those of the aphid, 
became very numerous at the point of liberation within a year. Within 13 years 
it had spread throughout the infested region (Brown and Clark, 1957), demon- 
strating a high searching ability in the adult stage. This coincided with a reduc- 
tion in the number or severity of heavy ‘stem attacks’, and a slower rate of spread 
of the aphid, but the aphid has continued to kill trees. The control value of this 
predator is limited by its failure to become established on light infestations owing 
to the rather low searching ability of the larva. It also feeds too late in the life 
cycle of the aphid to prevent oviposition and does not attack the eggs or first 
larval stage. It reduces the number of eggs laid but only sufficiently to check 
the rate of increase, which is ultimately reversed by the death or increased resist- 
ance of the tree. It does, however, decrease the number of crawlers that disperse 
from dying trees. 

L. erichsonii has been studied for a shorter time but it also appears to be 
unable to attack light infestations. On the other hand, it feeds both as adult and 
larva and eats the egg as well as the intermediate and adult stages of the prey. 
It has another advantage in that it commences feeding somewhat earlier in the 
life cycle of the aphid. Clark and Brown (1958) have shown that, although it 
has only one generation a year as compared with two in its prey, these feeding 
habits enable it to destroy a sufficient proportion of the spring generation to 
reverse the normal upward trend in the summer generation. Thus it can prevent 
the killing of the tree from ‘stem attack’ by shortening the period of heavy 
infestation. Sufficient aphids remain, however, in the first stage (which is not at- 
tacked) to cause subsequent injury from ‘gout’. 

This predator is protected from winter temperature by its habit of hiber- 
nating under the snow and appears to be well adapted to climatic conditions 
throughout the infested region. It has spread less rapidly than N. obscura, a 
fact that may be attributed to its univoltine habit and the smaller number of 
heavily infested trees that have been available to it since liberation. It has had a 
definite controlling effect under the conditions studied but only at rather high 


*This work is carried out by the Entomology Research Institute for Biological Control, Research Branch, 
Canada Department of Agriculture and the Commonwealth Institute of Biological Control. 
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population densities. Its ultimate value must be determined by further study, 
particularly at lower densities. 

Density relationships are the crux of this problem. We need predators not 
only with the required feeding habits and synchronized life cycle but also with 
the ability to become established and survive on relatively light, scattered popula- 
tions (Balch, Clark and Brown, 1958). One of the objects of the project is to 
discover whether such species exist. If so, they may be found only where the 
aphid is comparatively scarce. Such a predator must have high searching ability 
in the larval as well as the adult stage, er if its ‘appetite’ — the number of 
prey necessary to complete development — is large. The only exception would 
be a small species capable of completing development on a single egg mass. Of 
those so far introduced A. thompsoni most nearly approaches this but it is not yet 
known whether it has adequate searching ability in the adult stage or is fully 
adapted to climatic conditions in Canada. 


In the present stage of this project it can only be concluded that of the five 
species established two have improved the natural control sufficiently to reduce 
the rate of damage and spread, two have been of negligible value in central New 
Brunswick but may be of some value in areas of milder climate, and one cannot 
yet be assessed. The possibility of full economic control is doubtful. It can- 
not be considered as exhausted until all the predators that attack the aphid or its 
close relatives in areas where they are endemic have been tested. 


Assessment of Results 

These two examples illustrate the essentially empirical approach to biological 
control. Until the role of natural enemies and diseases in the population dynamics 
of insect populations is more fully understood there will be little scientific basis 
for the selection or rejection of species for introduction. 


The various theories of population balance indicate the kind of data that are 
needed, but they have yet to be tested by sufficiently long-term, quantitative 
studies of natural populations. When some of the results of this empirical ap- 
proach are so studied I suspect they will show that the conflicts between theories 
are more apparent than real but that density relationships are the key to the prob- 
lem of population regulation. 


Some excellent studies of biological control of agricultural insects have been 
made by experiments with controlled populations, using cages or other means of 
comparing them with and without certain natural enemies (see deBach, 1958). 
In forest entomology such methods may assist in the interpretation of field data 
but are not likely to be conclusive. It is difficult to devise techniques that do not 
affect other variables in the environment. There seems to be no satisfactory 
substitute for the study of natural populations. 


One approach is a complete life-table study over a sufficient number of 
generations to cover the extremes of fluctuation in the numbers of the pest 
(Morris and Miller, 1954). It calls for the measurement in each generation of 
the intrinsic rate of increase of the population, its density, and the mortality caused 
¥ all factors. It aims at the development of mathematical models that will 
elucidate the effects of the individual factors and eventually describe the regu- 


lating mechanism of the whole complex (Watt, 1959). A step in this direction 
is illustrated by Miller (1959) who has had some success in fitting data on para- 
sitism to a model developed by Watt. The method is essentially descriptive and, 
as Holling (1959b) points out there is a danger that the equations selected to fit 
the data will not provide an accurate explanation in appropriate biological terms. 
Different equations can fit the same data. It may, however, bring about some 
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rapid advances in our knowledge if the biological significance of the model can be 
confirmed by other workers who may be stimulated to test it. 


Another approach is_ illustrated by Holling’s (1959b) work on small 
mammals. It begins with the observation and measurement of the basic func- 
tional responses of the predators and develops the equation by logical steps as 
subsidiary components are analysed and incorporated. The method is less subject 
to erroneous conclusions, but is likely to be slower and hampered by difficulty 
in finding natural predator-prey situations in which the constants can be 
measured. 


Studies of this kind are necessary if the present gulf between theory and field 
studies is to be bridged and we are to know just what we are doing in biological 
control. They should lead to more effective, and probably wider, use of 
biological methods. Meanwhile, the method of single-factor analysis should 
help to assess the results of our present empirical approach. 


The literature contains many records of percentages of parasitism or preda- 
tion. In this connection it seems necessary to emphasize two points. First, that 
the methods of obtaining such data are often inadequately described. Second, 
that the percentage mortality is not in itself a measure of control value (Morris, 
1957). A mortality factor is not necessarily a controlling factor. A predator, 
such as N. obscura for instance, may destroy high proportions of its prey but have 
only minor effects on its rate of increase. Climatic and other factors may cause 
consistently high mortality but fail to prevent outbreaks. The controlling 
factors are those that supply the additional mortality at the right time to prevent 
increase beyond a certain level. Evidence of a controlling function will be found 
in the relationship of the mortality to population trend rather than in its magni- 
tude. 


It is often possible to measure population density and mortality from a single 
factor, such as parasitism, in one carefully-timed sampling. If this is done for a 
sufficient number of consecutive generations the relationship between the 
mortality and population trend can be examined by the method described by 
Morris (1959). If it is found, as was the case with the European spruce sawfly 
already mentioned, that the percentage parasitism predicts the density of the next 
generation of the host, this is at least circumstantial evidence that the parasites 
have been key factors in maintaining the range of densities observed. The mean 
density about which the population has been regulated can also be shown. 


The method only describes the external manifestations of control and does 
not reveal its mechanism or prove its existence. This must come from the more 
exhaustive type of study referred to above. It is, however, applicable to the 
limitations of time and resources within which most entomologists have to work. 
Its more general use should contribute to our understanding of biological control, 
and to population theory. 


In conclusion, I hope it is not too late to rescue the word ‘control’ from its 
abuse by entomologists as a synonym of ‘kill’. This is particularly inappropriate 
in the discussion of biological control, which is concerned with the regulation 
rather than the destruction of populations. It implies that all mortality factors 
have a regulating function, thus obscuring the objectives of biological control 
and confusing the problem of assessing its Tesults. 


Summary 


1. The nature of the forest crop and the relative complexity and stability of 
the forest environment favour the use of biological methods. 
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2. Present know ledge of population dynamics provides little scientific basis 
for the selection of species of natural enemies for introduction against foreign 
pests. Ecological studies in the country of origin are necessary but unlikely to 
be conclusive. 

3. The general policy has been to introduce all available primary parasites, 
predators, and diseases after careful preparation for study of the results. Some 
attempt is made to determine desirable characteristics and priority should be given 
to those found in ecologically similar regions where the pest is indigenous and 
under adequate natural control. 

4. This involves the following assumptions, which appear to be justified but 
need to be tested: That natural systems of control tend to evolve toward in- 
creasing complexity. That natural enemies and diseases often have an important 
regulatory function and in a variable environment the larger the number of these 
factors the greater will be the probability of continuous control. That com- 
petition between species of enemies will seldom weaken the control complex. 

5. Natural systems have evolved to different degrees of effectiveness. If 
the pest is inadequately controlled in its native habitat, complete success is unlikely 
but not impossible. Results will vary with ecological circumstances and the 
population level at which damage is caused. Complementary silvicultural 
measures may be necessary. 

6. Results of introductions against the European spruce sawfly in Canada 
illustrate the value of a complex. Two species of parasites attacked it effectively 
at high densities but the outbreak was terminated by a virus disease. A twenty- 
year study shows that the population has since fluctuated about a low mean 
density at which two other species of parasite are effective. It indicates that these 
parisites combined with the virus are the essential regulatory component of the 
control complex. 

7. Results of introductions to date against the balsam woolly aphid illustrate 
possible limitations. Parasites and diseases are unknown, control is desirable at 
a low level. Of a number of species of predators so far established two have 
partially reduced the severity of infestation but species capable of attacking low 
densities of prey are needed. Searching ability of larvae may be a common 
limitation. 

8. In assessing results there seems to be no fully satisfactory substitute for 
life-table studies of natural populations. Valuable ‘evidence can, however, be 
obtained by measurements of populations and mortality caused over a number 
of generations. A true control factor may be identified by the relation of 
mortality caused to population trend, but not by its magnitude. The word 
‘control’ should not be used as a synonym of ‘kill’. 
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Studies on the Early Stages of Two California Moths which Feed 
in the Staminate Cones of Digger Pine (Lepidoptera: Gelechiidae) 


By Donavp J. Burpick AND Jerry A. PoweLi 
University of California, Berkeley 


During life history investigations on Xyela minor Norton (Hymenoptera, 
Xyelidae), larvae of two species of gelechiid moths were found feeding in the 
staminate cones of digger pine, Pinus sabiniana, along with the Xyela larvae. 
These moths are Exoteleia burkei Keifer (1931) and Chionodes sabinianae 
Powell (1959), the latter having been described from material collected during 
the course of our investigations. Exoteleia and Chionodes are not closely 
related genera within the family Gelechiidae, and the two species are related 
in the present study only by larval habitat. 

The caterpillars are distinguishable from the brown-headed, white-bodied 
Xyela larvae superficially by color, Exoteleia burkei having an orange body and 
Chionodes sabinianae having a distinct mottled appearance, marked especially 
dorsally with pale purple or reddish. Observations on the larval habits of these 
moths disclosed a number of ethological differences between the two as well 
as marked differences as compared to the larvae of Xyela. In addition the 
present paper includes some comparison with literature reports on other members 
of Exoteleia and Chionodes. 

Little information is available on the insects inhabiting the male cones of 
pines. Dyar (1898, 1899), Rohwer (1912), Cushman (1937) and Benson (1940, 
1954) have reported original observations dealing with Xyela. Rudow (1909) 
found galleries in the male cones of Pinus sylvestris which he attributed to 
Xyela longula Dalman. However, his description of the damage seems more 
like the workings of a moth rather than that of any Xyela larva (extensive 
biological investigations on Xyela by Burdick, as yet unpublished, form the 
basis for comparisons in the present paper). Enslin’s (1918) view that the 
damage described by Rudow was caused by Rhyacionia buoliana (Schiffer- 
miiller) (Lepidoptera, Olethreutidae) seems acceptable, and the latter report 
was the first indication of moth larvae feeding on the staminate cones of pine. 
One other reference concerns Cimberis spp. (Coleoptera, Anthribidae) which 
were reared from the staminate cones of Pinus virginiana (Anderson, 1947). 

Both E. burkei Keifer and C. sabinianae Powell feed on the immature stam- 
inate cones and therefore can be found together on the same tree. The larvae 
of both may be detected by the silken tunnels which they spin between staminate 
cones and by the stunting or distortion of the cones which are attacked. In 
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our work the caterpillars were first found while the microsporophylls were still 
completely covered by the surrounding leaf-like bracts. 

Our field studies and collections were made at two localities, Arroyo 
Mocho, 20 miles south of Livermore, Alameda County, California, where E. 
burkei was the predominant species, and at Russelman Park, on the north slopes 
of Mt. Diablo, Contra Costa County, California, where C. sabinianae was most 
numerous. Twigs were examined in the field for resin exudates between stam- 
inate cones, for aborted cones and for silk tunnels. However, most of the obser- 
vations were made in the laboratory on materials which were randomly picked 
from the lower branches. Preliminary collections were made in April, 1956, 
and subsequent field investigations were conducted in April and May, 1957 and 
1958, and in February and April, 1959. 


Exoteleia burkei Keifer 

The genus Exoteleia includes four North American species. The biologies 
of three, including E. burkei, have been fairly extensively studied and all three 
are known to be pine feeders. E. pinifoliella (Chambers) is a needle miner, and 
E. dodecella (Linnaeus), an introduced species from Europe, feeds in the lateral 
buds. The habits of E. californica Busck are unknown. 

Exoteleia burkei Keifer was described from specimens reared from stem 
tips of Pinus radiata at Stanford, California, where the host plant is not native. 
Adults emerged from Keifer’s rearings May 7 to May 25, from our collections 
between May 10 and June 17. Although laboratory rearings are not necessarily 
a good indication of the normal flight period, in this case they seem to be fairly 
indicative, since adult females were collected in a light trap on June 4, 1958, at 
Walnut Creek (near Mt. Diablo) by G. D. Kelly. 

Martin (1959) found in Ontario that E. dodecella (L.) lays its eggs singly 
or in pairs at the base of the needle fascicles of Scots pine in June or early July 
and that the eggs hatch in about three weeks. The larvae in that species then 
commence feeding during the summer, overwintering in the third instar. It is 
probable that E. burkei has a similar cycle, since early instars (predominantly 
third) were collected in late February, fourth-instar larvae in early April and 
fifth-instar larvae in mid April and early May. However, presence of limited 
numbers of second-instar larvae in February indicates that there is some develop- 
mental differential in the overwintering stage. It seems probable that there is no 
prolonged dormant stage, because the moth and its host do not occur in areas of 
severe winter conditions. 

Investigation of conspicuous needle mines in February, 1959, disclosed the 
presence of second-, third- and fourth-instar larvae of E. burkei. First-instar 
larvae were not found but are believed to be needle miners, since both E. 
dodecella (L.) and E. pinifoliella (Chamb.) begin feeding in the needles (Bennett, 
1954; Martin, 1959). Martin reported that the mines of the first and second 
instars in E. dodecella were small and easily overlooked. The infested needle 
turns brown from the area of feeding to the apex, usually about one-third the 
needle length. In equivalent instars E. pinifoliella and E. dodecella completely 
mine the needles of their hosts, short-needle pines. E. burkei, in contrast to the 
others, seems not to burrow to the apex of the needle. Failure to feed on the 
apical portion may be due to the drying and hardening of the mesophyll distal 
to the point of attack. 

The site of initial entry is difficult to determine because the needle has two, 
sometimes three, circular openings in the epidermis. It seems likely that the larva 
enters and leaves the mine by separate holes, and that it reenters the same needle 
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nearer the base. These openings were found on either or both sides of the 
needle, showing no pattern of position, and each was closed by a thin, flat, fibrous 
cover that appears to consist of ay material. Having gained entrance, the 
larva bores toward the tip, but before reaching it crosses over and feeds on the 
other side, leaving an unbroken central core of needle tissue. This core may 
serve to support the mined area, helping to prevent fracturing and falling of the 
needle in winds (as was noted with E. dodecella by Martin, 1959). E. burkei 
also differs from E. pinifoliella and E. dodecella in that the tunnels are not lined 
with silk. Most of the mines are filled with frass particles, which vary in color, 
being green, red or black. However, the frass is removed from the mine 
between the lowest of the circular cuts and the area where the larva is feeding. 
When disturbed the larva moves up and down in this portion of the tunnel. 


E. burkei apparently leaves the needles during the fourth instar, as does E. 
dodecella, whereas E. pinifoliella, a somewhat smaller moth, matures and pupates 
in the needles. 


Keifer (1931) found the larvae of E. burkei boring out a central longitudinal 
gallery in the developing buds of Pinus radiata, causing the young shoot to droop 
and die. In this action the feeding of E. burkei is similar to that of E. dodecella 
on Pinus sylvestris (Martin, 1959). The latter species, upon leaving the needle, 
climbs up the stem and spins a silken tube at the base of a lateral bud. Then the 
larva penetrates into the bud, and the silken tube becomes lined with pitch. 
Usually two or more buds are entered by E. dodecella and pupation occurs in 
the last. 


In order to understand the feeding of the caterpillars on staminate cones 
some knowledge of the structure of the cone is necessary. The cones arise from 
an inclined sidge which is homologous with the adherent bases of the scale 
leaves (Fritch and Salisbury, 1920); they are spirally arranged on the stem. 
These ridges are usually the bases of new needle fascicles, but during a short 
period each year a portion of the new stem begins development of male cones 
instead of needles (Andrews, 1947). The cone is made up of leaf-like bracts 
which arise from the cone axis, and the microsporophylls are flattened scales 
upon which the pollen sacs develop. The apical area of the sporophylls is 
turned up, forming the outer surface of the cone proper (Fritch and Salisbury, 
1920). Early in the development the cone is enclosed in the leaf-like bracts. 
About two weeks before the pollen matyres the cone lengthens and pushes 
through the bracts, and, as the cone continues to lengthen, more of the sporo- 
phylls are raised above the enclosing bracts. With the lengthening, the sporo- 
phylls are spread apart, opening the cone and exposing the pollen to the action 
of the wind. 


The male cones are usually numerous on each branch and are spirally ar- 
ranged around the stem. Their spacing is such that when the cone axil lengthens 
and lifts the microsporophylls above the bracts adjacent cones usually are in 
contact with one another. The distal cones start and finish their development 
several days after the basal cones. 


On Pinus sabiniana, Exoteleia burkei Keif. leaves the needle shortly before 
the staminate cones begin their rapid growth. The larva climbs up the twig 
and upon reaching the male cones, which are situated just above the needles of 
the previous year, begins to construct a silken tunnel between three or four of 
the cones. Apparently the cones approximate the lateral buds in structural and 
nutritional requirements, and since the cones occur lower on the stems than the 
buds, the former are encountered first by the larvae. The silk tunnel consists 
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Figs. 1-4. Last-instar larva of Exoteleia burkei Keifer. 1, lateral view of head and first 
two thoracic segments; 2, frontal view of head; 3, ocelli and ocellar setae; 4, right mandible, 
inner face. 
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of a loose mat of threads and terminates adjoining an inclined ridge. In reaching 
the microsporophylls, the caterpillar burrows into the inclined ridge and up one 
side of the cone axis, thereby killing the cone. At this time the cones are en- 
closed, or nearly so, by the leaf-like bracts. Later, with this form unchanged, 
the infested cones are easily distinguished from the elongated, healthy cones. 
During the early stages of the attack, the tunnel wall becomes lined with pitch. 
The mine is either kept open or is reopened and used as a retreat when the host 
cone is disturbed. The tunnel entrance into the ridge is always open, although 
the caterpillar spins a silk cover over the exposed end of the burrow if the cone 
is removed from the limb. In three instances larvae entered the cones from 
beneath without feeding on the cone axis, but this type of entrance occurred 
only on twigs that had been in the laboratory for a week or more. The 
cylindrical cone burrow is straight, paralleling the cone axis. The larva tunnels 
upward and, upon reaching the bracts near the apex of the cone, cuts its way out 
and moves to another cone. Two and sometimes three cones were attacked 
before pupation. Occasionally the last-instar larvae burrowed upward into the 
terminal growth on cut or dead twigs. The difference in feeding habits of E. 
burkei on Pinus radiata and P. sabiniana probably is related to the phenological 
differences in cone growth. Whereas the staminate cones of P. sabiniana are 
available in March and April when the caterpillars leave the needles, the cones 
of P. radiata have matured and fallen by mid-February. 


The place of pupation of laboratory-reared individuals of E. burkei varied. 
Most of the larvae left the cones and dropped to the bottom of the rearing con- 
tainer, however a few cleaned out the last tunnel and pupated with the head 
oriented toward the apex of the cone or terminal growth. The pupal chamber 
was not lined with silk as has been reported for E. dodecella (L.) (Martin, 1959) 
and E. pinifoliella (Chamb.) (Bennett, 1954), nor was the opening closed with 
silk as in E. pinifoliella. It is assumed that the larvae normally leave the feeding 
site and drop to some lower surface on the tree or to the ground to pupate. 


Description of the last instar larva of Exoteleia burkei Keifer 


The following description is made from six larvae collected at Arroyo 
Mocho, Alameda County, California, April 8, 1957. 


Ultimate instar. ng 6.5 to 7.9 mm. (specimens distended in KAAD 
preservative). Head (Figs. 1, 2), average Width (at vertex as seen from above), 
0.56 mm.; average greatest length (as seen from above), 0.53 mm.; average width 
of postclypeus at base, 0.21 mm.; average length of median line from anterior 
edge of postclypeus to termination of adfrontal sutures, 0.37 mm.; range of 
postclypeal index, 1.65 to 1.94. Dark brown, lighter above medially, with an 
irregular lighter area laterally posterior to ocellar area; a conspicuous black 
patch in ocellar area. Setae conspicuous, the largest about 0.15 mm., situated 
as in Fig. 2. Ocelli and ocellar setae arranged as in Fig. 3. Labrum, width about 
twice the length; shallowly emarginate on anterior edge, the emargination 
rounded, each lobe with four stout submarginal setae and two central setae, the 
median one situated considerably anterior to the other. Mandible (Fig. 4), 
translucent yellow-brown, apical margin darker, reddish; five teeth, first four 
rather sharp pointed, the second longest; ridges on interior face from first and 
third teeth more pronounced than those from second and fourth; on exterior 
face ridge from second most prominent. Spinneret about as long as labial palpi, 
about four times longer than wide. Body pale orange to a rather deep brownish- 
orange. Setae bases on darker, inconspicuous, raised areas, which are not evident 
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Figs. 5-6. Last-instar larva of Exoteleia burkei Keifer. 5, setal map, 6, anal plate. 


) 


except on abdominal segments 8 and 9. Spiracles round, not heavily sclerotized, 
inconspicuous. Integument minutely spiculate, spicules not discernible on the 
whole specimen under 90X magnification; in examination of the pelt under 
440X they appear as simple, sometimes slightly curved spinules, 0.005 to 0.010 
mm. in length. Prothoracic shield brown, darker posteriorly above and with a 
darker blotch laterally; anterior margin indistinct; divided along mid-dorsum by 
a narrow, irregularly margined, non-sclerotized line. Setae pale, mostly about 
0.070 to 0.115 mm. in length, those of the prothoracic shield, dorsum of eighth 
abdominal segment and anal shield longest, mostly about 0.16 to 0.23 mm.; ar- 
rangements as in Fig. 5; position of mesothoracic SD, and L,, eighth cadoniaal 
D, and SV,, and ninth abdominal D, and V, somewhat variable, as indicated. 
Anal shield (Fig. 6) dark brown, distinctly margined. Anal fork absent. 
Thoracic legs marked with brown (Fig. 1). Ventral and anal prolegs con- 
colorous with pale underside of body; crotchets short, blunt; those of ventral 
prolegs five to eight in number, uniserial, uniordinal, arranged in a circle with 
five on the posterior half, three on anterior in the most complete cases, no 
apparent uniformity as to those absent; two on each anal proleg, situated laterally, 
directed caudo-mesad. 


On the basis of head-capsule measurements of field-collected larvae it appears 
that there are five instars, although first-instar larvae have not been studied. 
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The younger larvae are more deeply colored than the last instar, the fourth 
instar having a darker orange body and a uniformly dark brown to black head, 
prothoracic shield and anal shield. Additionally, in the fourth instar the dorsal 
brown areas of the eighth and ninth segments are more extensive and tend to 
coalesce, and the setae of each anal proleg are situated on a raised, brown, sclero- 
tized area. The shields are less distinct in the third instar and only lightly 
sclerotized in the second instar. In addition the head is lighter brown in the 
latter. The younger instars, especially those collected from needle mines, have 
a much more deeply colored body, ranging to a deep orange or reddish orange 
in some individuals. 


Chionodes sabinianae Powell 

Members of the genus Chionodes are known to feed on a variety of hosts: 
Pinus, Quercus, Arctostaphylos, Ceanothus, Lupinus and Eriogonum (Keifer, 
1931, 1935, 1936a, b). For most of the species, nothing more than the host 
plant has been recorded. Those species for which some biological information 
is available are all leaf-feeders and attack their host in a number of ways. There 
are, for instance, oak-leaf skeletonizers, a manzanita leaf-roller, and a leaflet-tier 
on lupine (Keifer, 1931, 1935). The utilization of male cones of Pinus sabiniana 
by C. sabinianae Powe!l is a different adaptation for the genus, although similar 
habits may occur in C. langei (Keifer) (1936a)'. The latter species was reared 
from a silken cocoon found in an old tip-boring, possibly that of Rhyacionia 

(Lepidoptera, Olethreutidae), on Pinus ponderosa at Placerville, El Dorado 
County, California (Hopkins No. 21 182N). The lack of new feeding at the 
site of pupation, the May 3 date and the locality in relation to the male cone 
growth, lend support to ‘the possibility of a staminate cone feeding habit in C. 
langei (Keifer). 

In contrast to Exoteleia burkei Keifer, larvae in at least three instars of 
Chionodes sabinianae were found in the cones. In view of this range of instars in 
the cones, together with observations on the feeding habits of the larvae, it seems 
unlikely that the early instars are needle miners. Rather, it is assumed that 
larvae emerging from eggs laid on the stem growth of the previous year craw] 
upward toward the young tissue of the tip and encounter the newly dev eloping 
staminate cones. At the time of our first observations most of the cones were 
pushing through the enclosing bracts. 


The larva of C. sabinianae spins a silken tunnel which extends between several 
cones. In general, the webbing is more compact than that of E. burkei. The 
tunnel is constructed along the longitudinal axis of the central stem from cone to 
cone with lateral extensions composed of only a few threads. When disturbed 
the larva retreats into the densest part of the tunnel or into the hollowed cones. 


The passageways extend to the cones which are attacked, and entry is made 
on the side, not from a tunnel through the inclined ridge and up the cone axis 
as in E. burkei. The earlier instars of C. sabinianae cut a small hole through the 
leaf bracts and feed upon the apex and pollen sacs of the microsporophylls. The 
neighboring sporophylls are then eaten, most frequently those below the initial 
point of attack. The feeding cavity becomes hardened and glossy as the sap 
dries, with only the area of current ‘feeding remaining soft. In these cones the 
growth of the cone is not totally impaired since the microsporophylls on other 
sections of the cone mature and their pollen disperses. 


Larvae in the final instar attack the more terminal cones which are still 
enclosed by the bracts. Each mature larva attacks several cones, eating large 
1Chionodes langei Keifer = C. retiniella (B & B, 1920), Busck, 1939, Proc. U.S. Nat. Mus. 86: 574. 





THE CANADIAN ENTOMOLOGIST 









































Figs. 7-10. Last-instar larva of Chionodes sabinianae Powell. 7, lateral view of head 
and first two thoracic segments; 8, setal map; 9, ocelli and ocellar setae; 10, frontal view of 
head. 
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portions from one side, including the bract, or at times devouring the entire 
cone, leaving only the bracts. Larvae of C. sabinianee normally do not enter 
the cones from below through the inclined ridge, and in only one case was the 
inclined ridge fed upon, forming a large semicircular cavity rather than a 
tunnel. Although last-instar larvae occasionally bore into and ‘along the center 
portion of the stem, no lateral or terminal buds were found which had been 
damaged by C. sabinianae larvae. 


While moving from cone to cone, the mature larva is not visible from an 
external view. This is because the caterpillars travel through the silken tunnels 
and enter the cone below the line of greatest curvature. In one instance a larva 
had penetrated a cone above this line, but, since the cones were appressed at the 
point of passage, the larva remained hidden from view. 


The hollowed cones and some of the stem tunnels were free of frass and 
some were lined with silk. The frass is either ejected or cleaned from the borings 
since only a few of the yellow fecal pellets could be found on the twig, and these 
were adhering to the silken passageways. 


On the basis of limited observations in the laboratory it appears that the 
pupation site of C. sabinianae is within the silken tunnel occupied by the mature 
larva. However, drying of the food substrate after removal from the tree may 
have altered the behaviour in selection of the pupation chamber. Hopkins’ data 
for C. langei (Keifer) indicate that the larvae in that species wander away from 
the place of feeding to pupate. However, it would seem that the larvae of neither 
of these pine feeding species drop to the ground as seems probable for those of 
Exoteleia burkei Keifer. 


Adults emerged during early May, always about a month after the cone 
material was taken from the trees. However, as the adults have not been taken 
in the field, the normal flight period is unknown. 


Description of the last instar larva of Chionodes sabinianae Powell 


The following description is made from five larvae collected at Russelman 
Park, Contra Costa County, California on April 29, 1959. 

Ultimate instar. Length 11.0 to 12.4 mm. (specimens distended in KAAD 
preservative). Head (Figs. 7, 10), average width (at vertex as seen from 
above), 0.77 mm.; average greatest length | (as seen from above), 0.71 mm.; 
average width of postclypeus at base, 0.32 mm.; average length of median line 
from anterior edge of postclypeus to termination of adfrontal sutures, 0.61 mm.,; 
range of postclypeal index, 1.85 to 2.00. Orange-brown, faintly blotched w ith 
brown laterally and tending to blend into dark brown posteriorly; a conspicuous 
black patch in ocellar area. Setae arranged as in Fig. 10; ocelli and ocellar setae 
arranged as in Fig. 9. Labrum, width about twice the length, shallowly (about 
one-third the length) emarginate anteriorly, the emargination angulate medially; 
each lobe with two stout submarginal setae anteriorly and two laterally some- 
what farther from the margin, the anterior one largest; four central setae, the 
median two only slightly anterior to the lateral two. Mandible translucent 
yellow brown, darker and reddish apically; similar in general structure to that of 
Exoteleia burkei Keif. ( Fig. 4), but the teeth relatively smaller and more uniform 
in size, the first nearly as large as the second and only slightly larger than the 
third. Spinneret slightly longer than palpi, about six times longer than wide. 
Body pale whitish or grayish, distinctly mottled with en a or reddish 
markings, these roughly forming three parallel, dorsolateral bands on each side 
which run the length of the body, and irregular ventro-lateral blotches on each 
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segment. Setae bases on inconspicuous, dark, integumental, sclerotized areas, 
which are barely visible at 9X magnification, spots of kappa group on each seg- 
ment (especially the prothoracic) and those of ventral prolegs most evident. 
Spiracles round, not heavily sclerotized, very small, those of first seven abdom- 
inal segments no larger than the setae bases. No integumental spiculae evident 
under 440X magnification. Prothoracic shield heavily sclerotized, dark brown, 
darker posteriorly, distinctly margined; divided by non sclerotized thin line at 
mid-dorsum. Setae pale, inconspicuous, mostly about 0.07 mm. to 0.33 mm. in 
length, those of prothoracic and anal shield larger, mostly about 0.28 to 0.37 mm. 
in length; arrangements as in Fig. 8, positions relatively stable, prothoracic 
SD, and L, somewhat variable. Anal shield pale tan, only lightly sclerotize !; 
setae arrangement identical to that of E. burkei (Fig. 6). Anal fork conspicuous, 
consisting of two adjacent, heavily sclerotized, large (about 0.14 mm. long) 
spines, which curve mesad so that the tips cross, and one small, pale spine on 
each side, lateral to the larger spine. Thoracic legs brown exteriorly (Fig. 7). 
Ventral prolegs whitish; crotchets uniserial, biordinal, arranged in a circle, about 
10 large and 25 small, most of the large ones concentrated anteriorly and laterally. 
Anal prolegs pale, marked with reddish posteriorly; crotchets uniserial, bi- 
ordinal, arranged in a semi-circle on the anterior half of the leg, directed caudad, 
about 18 large and 12 small. 


Larvae of at least the penultimate and antepenultimate instars have been 
studied. However, so few specimens are available that no attempt has been 
made to delimit the instar size ranges by head-capsule measurements. The 
younger instars are superfici ially quite similar to the mature larva, being only 


darker and somewhat more distinctly marked. The head and prothoracic shield 
are usually mruch darker than those of the ultimate instar, although the head 
capsule color is subject to considerable variation. 


We wish to acknowledge the assistance of Mr. H. H. Keifer of the California 
State Department of Agriculture in discussion of the study and in the loan of 
larval specimens. In addition sincere thanks are due to Dr. J. W. MacSwain, 
University of California, Berkeley, for reading the manuscript and offering 
helpful suggestions. 
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